乳酸菌による腸管ホメオスタシス維持作用に関する研究 by 宮内, 栄治
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CD cluster of differentiation 
DMEM Dulbecco’s modified Eagle’s medium 
DSS sodium dextran sulfate 
ELISA enzyme-linked immunosorbent assay 
FDAA N!-(5-Fluoro-2,4-dinitrophenyl)-L-alaninamide 
FITC fluorescein isothiocyanate 
HBSS Hanks' balanced salt solution 
HPLC high performance liquid chromatography 
IBD inflammatory bowel disease 
IEC intestinal epithelial cell 
IFN-! interferon-gamma 
IL- interleukine- 
LTA lipoteichoic acid 
MHC major histocompatibility complex 
MLCK myosin light chain kinase 
MPO myeloperoxidase 
PBS phosphate buffered saline 
PCSK Pam3Cys-Ser-(Lys)4 
Th helper T cell 
TER transepithelial electric resistance  
TLR Toll-like receptor  
TNF-" tumor necrosis factor-alpha 
Treg regulatory T cell 
ZO-1 zonula-occludens-1 
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Figure 1-1Gut-associated lymphoid tissue (cited from reference 1)!
!
Peyer’s patches and isolated lymphoid follicles (ILF) are composed of specialized follicle-associated 
epithelium (FAE) containing M cells,  subepithelial dome (SED) rich in dendritic cells (DCs), and 
germinal center (GC).  Class switch recombination (CSR) and somatic hypermutation (SHM) occur 
mainly in GC-B cells. Lymphocytes, including T and B cells, enter the Peyer's patches through high 
endothelial venules (HEV). The diffuse tissues of the lamina propria contain a large number of plasma 
cells, T and B cells, macrophages, dendritic cells (DC) and stromal cells (SC).!
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Figure 1-2Transition of number of patients with IBD!
                     (cited from the web pages of Japanese Intractable Diseases Information Center)  !
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Figure 1-3Recurring terms illustrating biological processes implicated by at least three genes 
represented in IBD loci!
!
Font sizes are proportional to the number of genes associated with each respective process.!
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Figure 1-4  Structure of tight junction
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Figure 1-5  Differentiation of T cells
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Figure 1-6Activation of T cell by antigen-presenting cell (APC) (cited from reference 29)!
 
T cell activation requires two signals. The first signal is provided by interaction of the T cell receptor 
(TCR) with antigenic peptide presented on major histocompatibility complex (MHC) molecules. The 
interaction of costimulatory molecules, such as CD28 and B7, provide the second signal. 
15
Figure 1-7Relationship between intestinal barrier dysfunction and abnormal immune !
                     responses (cited from reference 43) 
16
Figure 1-8Toll-like receptor (TLR) family (cited from reference 60) 
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 Small intestine Colon
 mRNA Protein mRNA Protein
TLR1 !  ! 
TLR2 ! ! ! !
TLR3  ! ! !
TLR4 ! ! ! !
TLR5  ! ! !
TLR6 ! 
TLR7 !  ! 
TLR8   ! 
TLR9  ! ! 
TLR10  
TLR11
Table 1-1  Expression of Toll-like receptor (TLR) family in human intestinal epithelium !
(modified from reference 61)!
!"!Expression was observed at mRNA and/or protein level. 　!
－!"!Absent expression was confirmed.!
blank : Expression has not been tested  !
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"*ǁ
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 tight junction 0LPˍ˕ŷ0ƒǖ+)ɡȰ˼ǧƌƋ
(transepithelial electric resistance; TER)ÂGȁĽC+.@B (69)

LactobacillusŎ 4ʋǌ0qJ½ʷóǉG in vitroʭ̏*Ǧ˅$9$
ȍ
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DSS̘ʰ ŇŷʀȍM^GȢ) in vivo*0qJ½ʷóǉGʤǇC+G
ȴȯ+$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tight junctionǔƃʳɕdrUʽ0ȮȝīõGʤǇ
C+.@B
Lactobacillus rhamnosus.@CʀɔqJ½ʷQm_0ʤ
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2 ǂƬ@3Ưǰ 
2-1 ˡʋ0ġ̍ 
 ̗ǌ̘ƳǮǒ½ƽ0 Lactobacillus delbrueckii ssp. bulgaricus no. 3
Lac- 
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tobacillus casei no. 9
Lactobacillus gasseri no. 10
@3 L. rhamnosus 
OLL2838Gʭ̏.¶$Ĉˡʋ1MRSġğ̗ Becton Dickinson *̘ 37

Ĵǧǃ¬̗JnrgU
ʌR^õĹ̘* 18ƶ˪ġ̍$ʋ²Gˡ
ɪʖȠȟ̉ĦǨ̗ phosphate buffered saline; PBS *̛̘ĘǳǶū
108 cells/ml
+-C@. PBS .Ƃȋ
ʭ̏.ȢC9*-80*½ķ$ðȒǝʋ²
1
ʏȥǨ.Ƃȋ$ˡʋG 75* 1ƶ˪ðȒū
ÙɢȓC+.@B
ʳʝ$ 
 
2-2 Caco-2ɞɺġ̍ 
 In vitro ʭ̏.1 Caco-2 ɞɺ(ATCC HTB-37
American Type Culture 
Collection(ATCC))GȢ$ɞɺġ̍Ȣ0ġğ+)
10̖ȕɹ¦ʔǾ̗ICN 
Biochemicals, Inc. 
̘̙̖˿ų̄Joˡ̗Life Technologies 
̘100IU/ml{
m\̗ Life Technologies 
̘ 100µg/ml ^jxjL\̗ Life 
Technologies̘@3 50mµg/ml XdL\̗Life Technologies̘Gčƽ
CezgYƧīLVġğ̗ ª DMEM
Life Technologies G̘Ȣ$
9 Caco-2 ɞɺG
75cm̚0ɠɮġ̍v^Y*ɚ 70̠80̖YvOj
.-C9*ġ̍$ǚ*
12 ɉj_MN̗Transwell̘ɞɺġ̍f
q̗ ȶũ 12mm
Ķũ 0.4µm
ˍ ˕ŷʂGƽC .̘ Caco-2ɞɺG 2!10
̝cells/cm̚0ȌŠ*ƚɈ
5̖CO̚
37.)ɚ 14̠21ư˪ġ̍) Caco-2
úŐɞɺGŭ$ 
 ʩ0Ưǰ.)³ƃ$ Caco-2úŐɞɺ.)
ËÝ. tight junction
ŦƃD)C,GɀʯC$<.
Caco-2 úŐɞɺ0ɡȰ˼ǧƌƋ
(transepithelial electric resistance; TER)GȁĽ$Ag/AgCl˼ǓGȢ$ƌ
ƋÂȁĽ\^h̗ Millicell-ERS
Merck G̘Ȣ
ɡȰ˼ǧƌƋɚ 300"
cm̚ª0=0GJg`L.Ȣ$ĈMNGU^dxj.ʪɰ

ĬÅġ̍Ǻ̗ĢşÅ
1.5ml̘+ÔÅġ̍Ǻ̗ɔɿÅ
0.5ml̘GȂ$$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2.3 ʀɔqJ½ʷóǉ0ʬ¸ 
 ʳʝ$ Caco-2 úŐɞɺ0ĈMN0ÔÅ̗apical Å̘ġ̍Ǻ. 2!105 
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0Ưǰ.Ŭ') Caco-2 ɞɺ0æȊGʕ-'$-F&
ĬÅ̗basal Å̘ġ
̍Ǻ.
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TNF-!
Gǽðū 0
24@3 48ƶ˪0ÂGȁĽ$A.
ĈMN0 TERÂG
Yj0 TER Â*˰) TER ȷŅÂ̗Relative TER̘GɓÜ$
TNF-!ǽð 48ƶ˪ġ̍ū.ĬÅġ̍Ǻ0 IL-8ȌŠGELISAǰ.@BȁĽ
$ȁĽ.1
ŕʹ0 ELISA Sgj (Duo Set ELISA development system 
human CXCL8/IL-8, R&D Systems) Ŭ') IL-8
ȌŠ0ȁĽGʕ'$ü&
ƗƖƋ² (mouse anti-human IL-8, 4µg/ml) G 
96well microplate (Nunc) . 100µl
$Ǻ GƘ)
ǨÝG@˰$ū
wash buffer (0.05% Tween-PBS) 400µl
ǳǶ $DG 3ĘɯBˉ$ū
blocking buffer (1% BSA-PBS) G
300µl ǽð
  1 	"0ū buffer GƘ)

ĊǕ.3Ęwashing buffer  IL-8 standard (0, 
31.3, 62.5, 125, 250, 250, 500, 1000pg/ml) G 100µl 2
	ĊǕ. 3 ĘǳǶ  
ǑÜƋ²  (biotinylated goat 
anti-human IL-8, 20ng/ml) G 100µl 2
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$3 Ę	
 -horseradish peroxidase 
(HRP) G100µl20 $3ĘǳǶ

Ƹƅ.)Ģʽ (3, 3, 5, 5-tetramethylbenzidie, TMB) ȅǺG 100µl 
	˓:ùÝ.Ȯʊ
āŴÃǛǺ(1N 
H2SO4)G 50 µl	


 (Model 680, 
Bio-Rad) .) 450nm0ĎÎŠGȁĽ$IL-8ȌŠ1³ƃ$Ǒ˥ɩ@Bɓ
Ü$ 
 
2.4 ôȖľ̏ 
 Wirtz A(63)0Ưǰ.Ȅ)
DSS Ɗ.@BʀȍGȮȪCM^i
G³ƃ$6˒̕0Balb/c˸ŷM^Gưǁf_q@BʾÐ$
ĿȀ̗24±1 
̘12 ƶ˪ƳƸ[LU.äŮD$˛Ō*̋ɷ
̋ɷƿ˪
1̋Ƭ̗MF, POdˠǣ̘+̊:ǨGʆȣƢă!$Ŷŷʀȍ1 3.5%
̗wt/vol̘DSS̗Ýĵ˥ 36,000-50,000̟MP Biomedicals̘G̊:Ǩ.ð
5
ư˪ʆȣƢă!C+.@BʰŇ$-
ǁľ̏1
ŜŒĮĹôȖľ̏
ɑʡè.Ŭ')ʕ'$̗Ƈʯ No. C10-17 ̘ 
 M^Ge. 4(0Vx̗n=3~4̘.Ý$Group 1̗None̘
.
1ưȴA 3ưȴ. PBSGɡĆƊ$Group 2̗ DSS̘.1 3.5% DSS
G̊:Ǩ+)
PBSGɡĆƊ$Group 3̗ DSS+Lr +̘ 4̗ DSS+HK
̗heat-killed -̘Lr̘.1
+=. 3.5% DSSG̊:Ǩ+)
DSSƊ˩
Ĳ 24ƶ˪ūA 3ư˪
L. rhamnosusȠʋ9$1ǝʋ̗ 107 cells/mouse/day̘
G"D#DɡĆƊ$̗Figure 2-1 ̘ 
 ²ˤȁĽGǤưĊƶç.ʕ'$DSSƊA 5ưȴ.]OfOh
̔˞*ʤê$ȵʀAȶʀ9*0ĮʀÑ²GƣÜ
ȍȪ0ƒǖ+)
Įʀ0ʍɬGʬ¸$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2.5 O{PS\eaǴŷ0ȁĽ 
 ıȞǸȈ0ƒǖ*CO{PS\ea̗myeloperoxidase; MPO̘
ǴŷG
ɋʀ
Ęʀ
ȵʀ
ɢʀ˛
@3ɢʀ˛.()ȁĽ$ɠ
ɮ[xGØ PBS*ǳǶ$ū
ǨÝG˰
ȶ&.Ǻ²ɍɜ.@BÙɢ
$DA1ȁĽ9*-80*½ķ$MPOǴŷG KrieglsteinA(64)0Ưǰ
.Ȅ)
o-dianisidinǰ.)ȁĽ$Ùɢ[xGʓʤˤ˥GȁĽ$
ū
0.5%ǨˡõyS[i\jfJmMGč; 50mM ˡQ
MɪʖǺ̗pH 6.0̘.[xGƂȋ
|]lL_$|]n
j1 4
200 x g * 10Ý˪˘ŲÝ˺$ǾGĘĂ
20mg/ml o-]Jm
\]ĦˡĦ
20mM ˕ˡõǨɜ+ 20*āŴ!$5Ýū
2% J]õ
ljMGǽðāŴGɟ!
ÝÎÎŠʧ̗460nm̘*ĎÎŠ0īõG
ȁĽ$MPOǴŷ 1unit1 1M0˕ˡõȖG 1Ý*ÝʤCˠɜ0˥+Ľɲ
$ 
 
2.6 M^.Cʀɔˍ˕ŷ0ʬ¸ 
 ʀɔˍ˕ŷ0ʬ¸G Cario A(65)0Ưǰ.Ȅ)ʕ'$DSS ƊA 5 ư
ȴ.
vP`LLbfP\Jlj̗ fluorescein isothiocyanate; FITC̘
ǖʶD$iS^j̗ Ýĵ˥ 4000 G̘ 0.6mg/²ˤ gɡĆƊ$4ƶ˪
ū.
ʔ0 FITC-iS^jȌŠGʒÎÎŠʧ̗òʿǱ˧ 495nm
ǑÜǱ
˧ 520nm̘.@BȁĽ$ 
 
2.7 ĮʀȰɞɺ0ú˺ 
 DSSƊA 5ưȴ.
M^Gŏǡ
ȶʀA 5cm9*0ɢʀGƣÜ
[x+$LeeA(66)0Ưǰ.Ȅ)
Įʀ[xAȰɞɺ0ú˺
Gʕ'$[xG PBS*ǳǶū
ɫ.˩ɚ 5mmř*ʚƭ$[x
ȔG 1mM ]fPjLj̗dithiothreitol; DTT̘Gč; PBS* 3Ęǳ
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Ƕ
5mM Of]Jė˟ˡ̗ ethylenediaminetetraacetic acid; EDTA̘
@3 0.1mM DTTGč;pU^ŚʗĦȅǺ̗ Hanks' balanced salt solution; 
HBSS̘* 37
1 ƶ˪LSzj$[xÞȔAȰɞɺG
ì˺C$<
}hgU^*ȊƂȋ$ū
1Ý˪˾ɰ)ɠɮĥGǫǢ
!$ǾGĘĂ
800 x g*˘ŲÝ˺)ȰɞɺGŭ$ 
 
2.8 SDS-PAGE@3Western blotting 
 Caco-2úŐɞɺ@3ĮʀȰɞɺG PBS* 3ĘǳǶū
RIPAqgvI 
̗150mM NaCl
1% NP-40
1% sodium deoxycholate
1% SDS@3 1% 
phosphatase inhibitorQUh̗Pierce̘Gč; 25mM Tris-HCl pH7.4̘.Ƃ
ȋ
ǩ*ˀ́ǱÛȟGʕ'$"0ū
4
14,000g * 30 Ý˪˘ŲÝ˺

ǾGĘĂ$DGɞɺƎÜǺ+
10% 2-QxjOdo

4% SDS
10%V`@3 0.004% bromophenol blue Gč; 0.125M 
Tris-HClɪʖǺ̗pH 6.8̘G 2:10îĉ*ð
}hgU^ū
Ǭ̐ǨǷ
* 10 Ý˪Ȓ$"0ū
10 Ʉ˪˘ŲÝ˺
ǾG SDS-PAGE .¶$
SDS-PAGE1
Laemmli0Ưǰ(67).Ŭ
ǲôȢɪʖǺ̗192mMV\
@31% SDSGč;25mM Tris-HCl ̘*Xǆ̗ JUJkȌŠ7.5̖̘
1ǈť$B 20mA0˼ǵG 90Ý˪˼ǧǲôGʕ'$SDS-PAGEū
(˱
ǓÅ)Ã.wghKVȢEɛ̗CB13A
Jj̘4 ǈ
PVDF ʂ
̗Immobilon-P, Millipore̘1 ǈ
SDS-PAGE ū0X
wghKVȢE
ɛ 4 ǈ0̃*ˤ/)
0.2% SDS Gč; Tris-HCl̗pH8.3̘GȢ)drU
ʽ0˃×Gʕ'$X.Ņ) 0.75mA/cm20˼ǵG
3ƶ˪˃×Gʕ'
$˃ ×ū0PVDFʂG
0.1% Tween-20/PBS. 20Ý˪ªǸ$ū
1% BSA 
Gč; 0.1% Tween-20/PBS . 1 ƶ˪ªǸ
wgSV$"0ū

PVDFʂG 1ǚƋ²̗ rabbit anti-ZO-1
ZYMED Lab9$1mouse anti-myosin 
light chain kinase̗MLCK̘Ƌ²
Sigma-Aldrich̘* 1ƶ˪LSzj
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$0.1% Tween-20/PBS * 5 Ý˪
3 Ęǳ
2 ǚƋ²̗HRP-conjugated 
anti-rabbit IgG Ƌ² , Kirkegaard & Perry Lab 9$1 anti-mouse IgG, 
Sigma-Aldrich̘GȢ
1ƶ˪āŴGʕ'$Ö3 0.1% Tween-20/PBS * 5
Ý˪
3Ęǳ'$ECLʭʑ(1:1, GEy^WJ).@BȮʊ!
XɩvK
.žÎ!$ū
ȝÊ
qkGǑÜ$Western blotting 0qkĽ
˥ʤǇ.1
Scion Image̗Scion̘GȢ)ʤǇGʕ'$ 
 ZO-1 C1 MLCK Ȯȝ0ʤǇū
wgjG rat anti-!-tubulin Ƌ² 
(Chemicon)*xw
!-tubulin0Ȯȝ˥*drU˥ʜǜGʕ'$ 
 
2.9 ɣʧÛȟ 
 ɢǉ1Ñ)ŚĠÂ±ǖȄʱœ*ʘ$ŚĠÂ0Ǧ˅G
one-way ANOVA.
@Bʕ
post-hoc test.1 TukeyǰGȢ$pÂ 0.05ǀȂ0Ĥĉ
ɣʧ
ȯ.ƽŽ+$ 
  
3 ɢǉ@3ɳń 
3.1 LactobacillusŎ0ʀɔqJ½ʷóǉ0Ǧ˅ 
 ʀɔȰǕ Caco-2ɞɺGȍȪŷ[LjQL TNF-!*æȊC+.@B

qJǘɻ±iG³ƃ$IBD Źɴ0ʀɔɠɮ
ʔ*ȡȠĨðɀ
ʯD)C TNF-!1
ɠɮ0ȍȪ>ʀɔqJǘɻ0±.)Ųȯ-
ŨîGǉ$)C(68) 
 Caco-2ɞɺ50 TNF-#ǽð.@B
48ƶ˪ū.1 TERÂȏæȊɱ.Ǧ6
ɚ 20̖±$̗Figure 2-2 A ̘TERÂ0īõ1.ɞɺ˪˳0LPˍ˕
ŷ0¡˓GāƵ)C(69)$')
TNF-!.@C TER Â0±1

Caco-2 ɞɺ0ʀɔqJǘɻ0±+ǜȷ˫C+ɳADCƯ
L. 
rhamnosusGǽð$Ĥĉ
TERÂ0ǿŉ1ƽŽ.ƉäD$̗ Figure 2-2 A ̘
L. bulgaricus
L. casei
@3 L. gasseriGǽð$Ĥĉ
TERÂ±Ɖä
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óǉ1ɀʯ*-'$̗Figure 2-2 A ̘ 
 9$
TNF-!ǽð.@B
Caco-2ɞɺ0 IL-8ȡȠ˥1̇ʎ.Ĩð$̗ Figure 
2-2 B ̘IL-81ıȞ-,Gɠɮ5ʰŇCWQL*B
IL-8ȌŠ
ƲC+.@B
ɠɮ50ıȞ0ǸȈ¼˓DC(70)ɠɮ5ǸȈ$ı
Ȟ1
ˠɜ>ǴŷˡɜGȡȠ
ƨÜC"0$<
˕í-ıȞ0ǸȈ1
ɠɮ.˵ŀG
ʀɔqJǘɻ±GʰŇC+ɳADCL. rhamnosus
1 TNF-!.@C IL-8ȡȠĨðGƽŽ.Ɖä$̗ Figure 2-2 B ̘
TER
Â±Ɖäóǉ.Ǧ6
L. rhamnosus 0 IL-8 ȡȠƉäóǉ1ň'$"
0§0ʋǌ.()=
IL-8 ȡȠƉäÈċ:AD$
ƽŽ-Ɖäóǉ1ʯ
<AD-'$̗Figure 2-2 B ̘ 
 ª0ɢǉA
Ƽ=̒qJ½ʷóǉGɂ$ L. rhamnosusGȢ)ª
ˮ0ʤǇGʕ+.$ 
 
3.2 L. rhamnosus.@CʀȍƉäóǉ  
 DSS ʰŇŷʀȍi1
Ƽ=ŜȢAD)CȍȪŷʀȨŹ0ôȖi
0(*C(71)DSS ʀȍGʰŇCQm_+)
UvI
]0Ǵŷõ(72)
ʀɔˍ˕ŷ0¡˓(73)
Įʀɞʋą0īõ(74)-,ɳAD
)C 
 DSS Ɗ.@BŶŷʀȍGʰŇ$ɢǉ
²ˤ0ǿŉ@3Įʀ0ʍɬɀ
ʯD$̗Figure 2-3, 2-4 ̘DA0ȝʸ1
ʀȍˤȪŠ0ƒǖ+)ȢA
D)C(63)9$
ƅʠʣń*1
DSS Ɗɱ*ȫ
ʔº
ɶ˨ȩīɀ
ʯD$̗data not shown ̘0+A
DSSƊɱ*1ĮʀȍȮȪ)
C+ɀʯD$ 
 L. rhamnosus0Ƞʋ9$1ǝʋGƊ$Ĥĉ
+=.²ˤ0ǿŉ@3Į
ʀ0ʍɬƉäD$̗Figure 2-3, 2-4 ̘9$
ıȞɠɮ5ǸȈ)C
+0ƒǖ+-C MPO Ǵŷ1
DSS Ɗ.@Bɢʀ˛.)Ʋ$
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̗Figure 2-5 ̘ȍȪȘſ0ȰɞɺȡȠCWQL-,.@B
ıȞ
1ȍȪ˛°5ǸȈC9$
ıȞ1ɞɺÔ.MPOGƽC+A
MPO
Ǵŷ0ƲʠAD$ɢʀ˛.)ȍȪʿ')C+ɂD$
L. rhamnosusGƊ$ɱ*1
Ƞʋ0Ɗ*ɢʀ˛0MPOǴŷƉä
D̗Figure 2-5 
̘ȠʋȍȪāŴGƉä$+ɂēD$Ư
ǝʋ0
Ɗ*1
ƽŽ-MPOǴŷƉäóǉ1ɀʯ*-'$ 
 -
ȠʋƊɱ*1
Ęʀ.CMPOǴŷ0ƲʠAD$D1

Lactrobacillus Ŏ0ȠʋƊ.@Bňʀ*0ÏȧʼǴóǉģďD)C
(75)+A
ȠʋƊ.@B L. rhamnosusĘʀ.Ľȹ
ňʀ.)Ï
ȧʼǴ³ȢG=$A$$<=D- 
  
3.3 L. rhamnosus.@CʀɔqJ½ʷóǉ 
 ǚ.
DA0M^0ʀɔqJǘɻGʬ¸C$<. FITC-iS^j
GɡĆƊ
4ƶ˪ū0ʔȌŠGȁĽ$FITC-iS^j1Ýĵ˥
44000̒Ýĵ*B
ˎŘ1 tight junction.@CqJǘɻ.@B²Ô.Ď
ĂD.Ŭ')
ʔ0 FITC-iS^jȌŠ1
ʀɔqJǘɻ±
0ƒǖ+)ʬ¸C+*C 
 DSSƊ.@B
ʔ0 FITC-iS^jȌŠ1ʎƲ$̗Figure 
2-6 ̘DSSʰŇŷ0ʀȍ1Įʀ.ȗȦȯ+ģďD)B(71)
A.MPOǴ
ŷ0ɢǉAɢʀ˛*0:ȍȪʿ'$+ɂD$+A
ɢʀ
˛.CʀɔqJǘɻơÇ)C+ɂēD$Ư
L. 
rhamnosusȠʋ
ǝʋGƊ$ɱ*1
ʔ FITC-iS^jȌŠ0Ĩð
1ʠAD 
ÄŘM^+Ċɑ*'$̗Figure 2-6 ̘0+A
L. 
rhamnosus1 DSS.@CĮʀqJǘɻơÇGƉä$+ɂēD$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3.4 L. rhamnosus.@CʀɔqJ½ʷQm_ 
 L. rhamnosus .@CʀɔqJ½ʷQm_GʤƳC$<.
tight 
junctionǔƃʳɕdrUʽ.ȹȴ
in vitro@3 in vivo*0DA0
drUʽȮȝ˥0īõGʤǇ$ 
 Caco-2ɞɺGȢ$ in vitroʭ̏.)
TNF-!æȊ.@B tight junction
ǔƃdrUʽ*C ZO-1 Ȯȝǿŉ
tight junction ʳɕdrUʽ0
MLCKȮȝĨð$9$
L. rhamnosus1 TNF-!æȊ.@C ZO-1Ȯȝ
ǿŉ
@3MLCKȮȝĨðGƽŽ.Ɖä$̗ Figrue 2-7 ̘-
claudin-1
> occludin .()=ǑʨGʕ'$
DA0Ȯȝ˥.1īõʠAD-
'$̗data not shown ̘DA0ɢǉA
L. rhamnosus0 TERÂ±Ɖä
Qm_+)
ŉ-+=(1
ZO-1 @3 MLCK ȮȝäŮ˫
)C+ɂēD$Claudin-1 > occludin -,0ʂʺˎdrUʽ1
ZO-1G¥)JUfɞɺ̑ǎ+ˑɢ)B̗Figure 1-4 
̘D.@B
ʂ
ʺˎdrUʽ1 tight junction.ŊĞC+*CDA0+A

ZO-10Ȯȝǿŉ1
§0 tight junctionǔƃdrUʽ0ŊĞīõ
A.1
qJǘɻ±.ȶƚŃC+ɳADC9$
TNF-!æȊ.@BMLCK
ȮȝĨð$MLCK1ɞɺ̑ǎ*CJUf/P\vKjGĂ
ɬ!Cˠɜ*B
MLCK0Ǵŷõ.@B tight junctionˍ˕ŷ¡˓C
(76, 77)Ŭ')
MLCKȮȝ0Ĩð1
TNF-!æȊ.@C TERÂ±.ȶƚ
ŃC+ɳADC 
 DSSGƊ$M^0ɢʀ˛Ȱɞɺ.)=
ZO-1Ȯȝ0ǿŉ:
AD$̗ Figure 2-8 A ̘9$
DSSƊ.@BMLCKȮȝ=ǿŉ$̗ Figure 
2-8 B ̘0ɢǉ1
in vitroʭ̏0ɢǉ̗Figure 2-7 B̘+1ʠȻȸC@
.ŵCDSSʰŇŷʀȍM^-,0ȍȪŷʀȨŹi.)
MLCK
0ȮȝīõGʤǇ$ģď1D9*.ȏˈś
FeigheryA(78)1

MLCK ˭ŀë1 Caco-2 ɞɺ.Cˍ˕ŷ¡˓GƉäC
DSS ʀȍM
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^*1Ɖä-++GƳA.$"0ýę.()1ƳA.-
')-
MLCK 0ʀɔˍ˕ŷ.ŅCÉ1
Caco-2 ɞɺ+ DSS ʀȍ
M^+*1Ȧ-C+ɳADC9$
DSS 1ʀɔȰɞɺ.J~j
\^GʰŇC+ģďD)B(79)
A.MLCK˭ŀ.@Bɞɺ0J
~j\^ʰŇDC(80, 81)+A
ǁľ̏*ʠAD$ DSS Ɗ.@C
MLCK 0Ȯȝǿŉ
ʀɔȰɞɺ0J~j\^GŢʿ$ćɻŷ
CL. rhamnosus 0@-ˡʋ
MLCK ȮȝGäŮC+.@Bʀɔ
qJǘɻG½ʷC+G
ôȖľ̏*à<)ʫƳ$L. rhamnosus 1
MLCK ȮȝGäŮC+.@BʀɔȰɞɺ0J~j\^GƉä)C
ćɻŷ=B
0Ȏ.()1¤ūA-CǑʨųʟ*C 
 
4 ʟɚ 
 DSSʰŇŷĮʀȍiM^GȢ$ľ̏A
L. rhamnosus1ʀɔq
J½ʷóǉGȮƠC+.@BĮʀȍGƉäC+ɂD$9$
ʀ
ɔqJ½ʷQm_GʤǇ$ɢǉ
L. rhamnosus 1 tight junction ǔ
ƃʳɕdrUʽ*C ZO-1
MLCKȮȝGäŮC+.@B
ʀɔq
Jǘɻ0±GƉä)C+ɂēD$ 
  
DSS  3.5% 
0 1 2 3 4 5 day 
live L. rhamnosus (107cfu/mouse) 
Water 
0 1 2 3 4 5 day 
PBS 
DSS  3.5% 
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Figure 2-1. Study design of in vivo DSS-induced colitis in mice. Group 1 (None) mice were 
treated orally with PBS from day 1 to 3; group 2 (DSS) mice received drinking water with 
3.5% DSS and were orally administered PBS. Groups 3 and 4 also received drinking water with 
3.5% DSS, and 24 h after the start of DSS administration, mice were orally administered 107 
cfu/day of live or heat-killed L. rhamnosus for 3 consecutive days. !
30
0.6
0.7
0.8
0.9
1
1.1
None (-) Ld Lc Lg Lr
N
or
m
al
iz
ed
 T
ER
TNF-α
**
##
0
100
200
300
IL
-8
  (p
g /
 m
L)
None (-) Ld Lc Lg Lr
TNF-α
**
#
A B
Fig. 1, Miyauchi et al
0.6
0.7
0.8
0.9
1
1.1
None (-) Ld Lc Lg Lr
N
or
m
al
iz
ed
 T
ER
TNF-α
**
##
0
100
200
300
IL
-8
  (p
g /
 m
L)
None (-) Ld Lc Lg Lr
TNF-α
**
#
A B
Fig. 1, Miyauchi et al
Figure  2-2.  Protective  effect  of  4  lactobacilli  on  tumor  necrosis  factor-!  (TNF-!)–induced 
changes in A) transepithelial resistance (TER) and B) IL-8 secretion by Caco-2 cells. Caco-2 
cell monolayers were treated with each species (105 cfu/well) or with medium alone (control) 
for 1 h, and the monolayers were exposed to TNF-!. Results are expressed as means ± standard 
error (n = 3). **P < 0.01 versus controls (none); #P < 0.05 and ##P < 0.01 versus TNF-! alone 
(–). Ld = Lactobacillus delbrueckii ssp. bulgaricus no. 3; Lc = Lactobacillus casei no. 9; Lg = 
Lactobacillus gasseri no. 10; Lr = Lactobacillus rhamnosus OLL2838. "
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Figure 2-3. Changes in body weight of mice with DSS-induced colitis. Results are expressed as 
means ± standard error (n = 4). *P < 0.05 and **P < 0.01 versus controls (none); #P < 0.05 and 
##P  < 0.01 versus DSS- treated mice (DSS). DSS+Lr  = mice treated with DSS and live L. 
rhamnosus; DSS+HK-Lr = mice treated with DSS and heat-killed L. rhamnosus.!
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Figure 2-4. Changes in colon length of mice with DSS-induced colitis. Results are expressed as 
means ± standard error (n = 4). **P < 0.01 versus controls (none); ##P < 0.01 versus DSS- 
treated mice (DSS). DSS+Lr = mice treated with DSS and live L. rhamnosus; DSS+HK-Lr = 
mice treated with DSS and heat-killed L. rhamnosus.!
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Figure 2-5. Myeloperoxidase (MPO) activity in the jejunum, ileum, cecum, proximal colon and 
distal colon of mice with DSS-induced colitis. Results are expressed as means ± standard error 
(n = 4). *P < 0.05 versus control mice (none); ##P < 0.01 versus DSS-treated mice (DSS). DSS
+Lr = mice treated with DSS and live L. rhamnosus; DSS+HK-Lr = mice treated with DSS and 
heat-killed L. rhamnosus.!
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Figure 2-6. Intestinal permeability of mice with DSS-induced colitis. Results are expressed as 
means ± standard error. **P < 0.01 versus control mice (none); ##P < 0.01 versus DSS-treated 
mice (–). DSS+Lr = mice treated with DSS and live L. rhamnosus; DSS+HK-Lr = mice treated 
with DSS and heat-killed L. rhamnosus.!
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Figure 2-7.  Expression of  A) zonula occludens-1 (ZO-1) and B) myosin light-chain kinase 
(MLCK) in Caco-2 cells.  The expression of  ZO-1,  MLCK, and !-tubulin was detected by 
Western  blotting  of  the  cellular  lysates.  Images  are  representative  of  3  independent 
experiments. Results are expressed as means ± standard error (n = 3). *P < 0.05 and **P < 0.01 
versus the controls (none); #P < 0.05 versus TNF-! alone (–). "
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Figure 2-8. Colonic expression of A) zonula occludens-1 (ZO-1) and B) myosin light-chain 
kinase (MLCK) in mice with DSS-induced colitis. The expression of ZO-1, MLCK, and !-
tubulin was detected by Western blotting of the cellular lysates. Images are representative of 3 
independent experiments. Results are expressed as means ± standard error. **P < 0.01 versus 
control mice (none); ##P < 0.01 versus DSS-treated mice (–). "
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  ʀɔqJ½ʷóǉ.˫FCˡʋǴŷƃÝ0ĊĽ  
 
1 Şʴ 
 ɐ̚ɏ*1
Caco-2ɞɺGȢ$ in vitroʬ¸ə@3 DSSʰŇŷʀȍi
M^GȢ$ in vivoʬ¸ə*ˡʋ0ʀɔqJ½ʷóǉGɂ$ʀɔ
qJ½ʷóǉGƽCǘɻŷ̉Ē˩Ȯ.1
ˡʋ0ǴŷƃÝGĊĽC
+˿Ř.ˤʟ*C"*ǁɏ*1
ʀɔqJ½ʷóǉ.˫FCˡ
ʋǴŷƃÝ0ĊĽGȴȯ+$ 
 
2 ǂƬ@3Ưǰ 
2.1 ˡʋ0ġ̍ 
 L. rhamnosus OLL2838 1ɐ̚ɏ0Ưǰ.Ȅ)ġ̍$9$
L. 
rhamnosus ƂȋǺ̗DMEM ġğ2!10̝cells/ml̘Gʳʝ
5̖CO̚
37
.) 48ƶ˪ġ̍ū
ǾGĘĂ 0.22µm0`^wvKd
.$=0Gʋ©ʵȡȖ+)ʭ̏.Ȣ$Enterococcus hirae ATCC 
9790T1 trypticase soy broth̗Becton Dickinson̘* 37
Ĵǧǃ¬* 18
ƶ˪ġ̍$ʋ²G
ȆʋǨ*ǳǶ
75* 1 ƶ˪LSzjū
Ù
ɢȓ$DGðȒǝʋ²+)ʭ̏.Ȣ$ 
 
2.2 ʀɔqJ½ʷóǉ0ʬ¸ 
 ɐ̚ɏ0Ưǰ.Ȅ
Caco-2 ɞɺ0ġ̍@3 TNF-!æȊGʕ'$L. 
rhamnosus̗Ƞʋ
2!10̝cells/ml 
̘L. rhamnosus©ʵȡȖ
E. hirae̗ðȒ
ǝʋ
2!106 cells/ml 
̘E hiraeˠɜÛȟʋ²̗ūˊ
2!10̝cells/ml 
̘~h
LYˡ̗ Sigma-Aldrich, 10µg/ml 
̘9$1 Pam3Cys-Ser-(Lys)4̗ Sigma-Aldrich, 
10µg/ml̘G Transwell 0 apical Å.ǽð 1 ƶ˪xLSzjū
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TNF-!̗ 100ng/ml G̘ basalÅ.ǽð
 TERÂ@3 IL-8ȡȠ˥GȁĽ

ʀɔqJǘɻGʬ¸$ 
 
2.3 ʋ²0ˠɜÛȟ 
 drUʽ0ÝʤGȴȯ+)JUflaÛȟGʕ'$Streptomyces 
griseusȣǄ0ˠɜ̗ɃȽʝʑ̘G´Ȣ$ˡʋ²GƼɟȌŠ 0.5mg/ml0
ˠɜȅǺ.Ƃȋ 37
2ƶ˪Ûȟ$ 
 ɼʽ0ÝʤGȴȯ+)raÛȟGʕ'$wdȣǄ0ˠɜ
̗TypeII(Crude)
EC 3.1.1.3
30-90units/mg protein
Sigma-Aldrich̘G´
Ȣ$ˡʋ²GƼɟȌŠ 0.5mg/ml0ˠɜȅǺ.Ƃȋ
37
2ƶ˪Ûȟ
$ 
 ɞɺĩ0ÝʤGȴȯ+)do\ÛȟGʕ'$Streptomyces 
globisporus ATCC 21553ȣǄ0ˠɜ̗Sigma-Aldrich̘G´Ȣ$ˡʋ²
GƼɟȌŠ 0.025mg/ml0ˠɜȅǺ.Ƃȋ
37
2ƶ˪Ûȟ$ 
 
2.4 SDS-PAGE@3Western blotting 
 ɐ̚ɏ0Ưǰ.Ȅ
ZO-1@3MLCK0Ȯȝ˥GʤǇ$ 
 
2.5 ɣʧÛȟ 
 ɢǉ1Ñ)ŚĠÂ±ǖȄʱœ*ʘ$ŚĠÂ0Ǧ˅G
one-way ANOVA.
@Bʕ
post-hoc test.1 TukeyǰGȢ$pÂ 0.05ǀȂ0Ĥĉ
ɣʧ
ȯ.ƽŽ+$ 
 
3 ɢǉ@3ɳń 
3.1 L. rhamnosusʋ©ʵȡȖ@3ˠɜÛȟʋ²0ʀɔqJ½ʷóǉ 
 L. rhamnosus 0ʀɔqJ½ʷóǉ.˫CǴŷƃÝGƙɝCȴȯ*
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ʋÝǯȖ0ʀɔqJ½ʷóǉGʬ¸$Caco-2ɞɺ50 TNF-#ǽð.@B

TER Â0±@3 IL-8 ȡȠ0ĨðʠAD$̗Figure 3-1 ̘ʋ©ʵȡȖ
̗Lr-CM̘1
TERÂ.ŧ̂G-'$̗Figure 3-1. A 
̘IL-8ȡȠĨ
ðGƉä$̗ Figure 3-1. B ̘ˈ ś
L. rhamnosus GGǌ0ʋ©ʵȡȖ IL-8
ȡȠGƉäC+ģďD$(82)Ƅ+1ʋǌȦ-C
ĊǕ-ʋ©ʵȡȖ
 IL-8ȡȠƉä.Ń)C0=D-
ʋ0©ʵȡȖ1 TER
Â.1ŧ̂G-'$+A
ʟ-ǴŷƃÝ1ɞɺĩƃÝ-,ʋ²ƃ
Ý*C+ɂēD$ 
 ǚ.
ʋ²0ǴŷƃÝ0ŷʽGƳA.C$<.
L. rhamnosusGJU
fla9$1ra*Ûȟ
"DA0Ûȟʋ²0ʀɔqJ½ʷóǉG
ʬ¸$"0ɢǉ
L. rhamnosus0 TERÂ±Ɖäóǉ1
raÛȟ
̗Li-Lr̘.@Bţ-'$̗Figure 3-2 ̘Ư
JUflaÛȟ̗Ac-Lr̘
1 L. rhamnosus0 TERÂ±Ɖäóǉ.ŧ̂G-'$̗Figure 3-2 ̘
0+A
L. rhamnosus0ǴŷƃÝ1ʋ²0ɼʽƃÝ*C+ɂē
D$ 
 9$
Caco-2ɞɺG TLR2đƋ²*Ûȟ$ū.
L. rhamnosus@3
TNF-aGǽð
TERÂ@3 IL-8ȌŠGȁĽ$ɢǉ
TLR2đƋ²0ǽ
ð.@B L. rhamnosus.@C TERÂ0ǿŉƉäóǉ1ǿţ$̗Figure 3-3 
A ̘0ǿţ1Ƌ TLR2Ƌ²0ǽðȌŠ·ķȯ*'$9$
IL-8ȡȠĨð
Ɖäóǉ.()=
Ƌ TLRƋ²0ǽðȌŠ·ķȯ.ǿţ$̗ Figure 3-3 B ̘
0+A
L. rhamnosus1 Caco-2ɞɺ0 TLR2\VlGǴŷõC
+.@B
ʀɔqJ½ʷóǉGȮƠC+ɂēD$Ŭ')
L. 
rhamnosus0ǴŷƃÝ1
TLR2Rk*C+ɳAD$ 
 DA0ɢǉG=+.
L. rhamnosus0ǴŷƃÝÁʜ+)V˱ŷʋɞ
ɺĩ0ʟ-ɼʽƃÝ*B
TLR2 0Rk*C~hLYˡ̗LTA̘
.ȹȴ$LTA 1ʢĳŷÝĵ*
Ǖ-ǴŷGƽ)C(83)LTA 1
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lactobacilli0ʀɔȰ50ƚȹ.Ń)C%*-(84)
TLR2G¥)
Ïȧʳɕ³ȢGƽC(85)LTA Gč;V˱ŷʋ0hLYˡ1
ł0
TLR2 .ʯʶDC+@ȼAD)C(85)9$
ʀɔȰɞɺ.=

TLR2 Gč;(0 TLR vIȮȝ)C(60)9$
¤ĘȢ
$ Caco-2 ɞɺ.=
ŉ-+= TLR2 G1< 4
5 @3 9 0 mRNA Ȯȝ
Gɀʯ)C̗data not shown ̘0+A
LTAʀɔqJ½ʷóǉ
GƽC0*1-+«ʲGɎ)
ʤǇG˓<$ 
 L. rhamnosusA0 LTA0ɘʝGʭ:$
İ˹Ȗ0Ydn\
GĻÑ.ˬ+ě˻*'$"*
ŕʹ0sjʀÔŘĞˡʋ
Enterococcus hirae ATCC 9790TȣǄ LTA̗Sigma-Aldrich̘GȢC+.
$9 
Ċʋǌ0ʀɔqJ½ʷóǉ.()ǑʨGʕ'$ 
 
3.2 E. hirae0ʀɔqJ½ʷóǉ0ʬ¸ 
 E. hirae 0ȠʋG Caco-2 ɞɺ.ǽð
ʀɔqJ½ʷóǉGʬ¸$

ʋ0ĨǠ˿Ř.ˏ$<
ġğˡŷ+-B Caco-2 ɞɺ1 well AìD
)9'$0ɢǉA
Ƞʋ*0ʬ¸1ćɻ*C+áƭ
ªˮ0ľ
̏*1ðȒǝʋ²GȢC+.$E. hirae 0ðȒǝʋ²̗105
1069$
1 107cells/well̘0ʀɔqJ½ʷóǉG
ɐ 2ɏ0Ưǰ.Ȅ)
Caco-2ɞ
ɺ.)ʬ¸Gʕ'$"0ɢǉ
TER Â±@3 IL-8 ȡȠƉäóǉ1
E. 
hiraeǽðȌŠ 106cells/well*Ƽ=̒'$̗data not shown ̘Ŭ')
ªˮ
0ľ̏*10ʋ²ȌŠ*ʭ̏Gʕ+.$ 
 
3.3 E. hiraeˠɜÛȟʋ²0ʀɔqJ½ʷóǉ 
 E. hirae 0ǴŷƃÝGʤǇCȴȯ*
JUfla
ra@3d
o\*"D#DˠɜÛȟ$ʋ²0ʀɔqJ½ʷóǉGʬ¸$"0
ɢǉ
do\Ûȟ̗Mu-Eh̘.@B E. hirae0ʀɔqJ½ʷóǉ1Ļ
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Ñ.ǹį$̗Figure 3-4 ̘do\1V˱ŷʋ0ɞɺĩGÝʤC
ˠɜ*B
E. hirae0ǴŷƃÝɞɺĩƃÝ*C+ɂēD$9$

raÛȟ̗Li-Eh̘*=
óǉ1̇ʎ.ǿŉ$̗Figure 3-4 ̘DA0
ɢǉA
E. hirae 0ʀɔqJ½ʷóǉ.˫CǴŷƃÝ1ɞɺĩ.ķĞ
CɼʽƃÝ*C+ɂēD$0+1
L. rhamnosus0ǴŷƃÝ
ƙɝ0ɢǉ+ĊǕ*B
E. hirae0ǴŷƃÝ= LTA*C+ŻD$"
*
E. hiraeȣǄ LTA0ʀɔqJ½ʷóǉ0ʬ¸Gʕ'$ 
 
3.4 E. hiraeȣǄ LTA@3 TLR2Rk0ʀɔqJ½ʷóǉ 
 E. hiraeȣǄ LTA0ʀɔqJ½ʷóǉGǑʨC$<
LTAG Caco-2ɞ
ɺ0 apicalÅ.ǽð
TERÂ@3 IL-8ȌŠGȁĽ$"0ɢǉ
E. hirae
ʋ²+ĊǕ.
LTAúș*= TNF-!.@C TERÂ±GƉä$̗ Figure 3-5 
A ̘9$
LTA1 TNF-!.@C IL-8ȡȠĨð=Ɖä$̗Figure 3-5 B ̘
DA0ɢǉA
LTA 1ʀɔqJ½ʷóǉGƽC+ƳA+-B
E. 
hirae0ǴŷƃÝ0(1 LTA*C+ɂēD$ 
 Í.ˊ6$@.
LTA 1 TLR2 Rk0(*C"*
TLR2 G
¥$\VlʀɔqJ½ʷ.ˤʟ-ŨîGƏ')C0*1-+ɳ

TLR20ĉƃRk Pam3Cys-Ser-(Lys)4̗ PCSK̘G Caco-2ɞɺ.ǽð

ʀɔqJ½ʷóǉGʬ¸$"0ɢǉ
PCSK= LTA+ĊǕ.
TNF-!
.@C TERÂ±@3 IL-8ȡȠĨðGƉä$̗Figure 3-5 ̘0+
A
TLR20\VlʀɔqJ½ʷóǉ.˫)C+ƳA+-'
$ 
 -
TNF-!ȏæȊ Caco-2ɞɺ. E. hirae
LTA9$1 PCSKGǽð

DAŚŘƶ0ʀɔȰɞɺ.,0@-ŧ̂GC0Ǒʨ$ɢǉ

PCSKǽð.@BF . TERÂƲ$=00
E. hirae+ LTA1 TER
Â> IL-8ȡȠ.Ñŧ̂G-'$̗ Figure 3-6 ̘0+A
E. hirae
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@3"0 LTA1
ŚŘƶ.1ʀɔȰɞɺ.ŧ̂G 
ȍȪƶ.˯')
ʀɔqJ½ʷóǉGȮƠ
ʀɔȰɞɺŐ0|P^d\^ɥƑ.Ń
)C+ɂēD$ 
 
3.5 E. hirae
LTA@3 PCSK0 tight junction.Ā8ŧ̂ 
 ɐ 2ɏ*
L. rhamnosus1 tight junctionǔƃdrUʽ ZO-1
@3 tight 
junction ʳɕdrUʽ MLCK 0ȮȝGäŮ)C+ƳA+-'$
"*
E. hirae@3"0 LTA=ĊǕ.
ZO-1>MLCK-,0drUʽ
ȮȝGäŮC0*1-+ɳ
ʤǇGʭ:$9$
DA0³Ȣ. TLR2
\Vl˫C0GǑʨC$<
PCSK 0³Ȣ.()=ĊǕ.ʤǇ
$ 
 E. hirae1 L. rhamnosus+ĊǕ.
TNF-!.@C ZO-10ȮȝǿŉGƉä

MLCK0ȮȝĨðGƉäC+ƳA+-'$̗Figure 3-7 ̘ü&
0
2(0ʋǌ0ʀɔqJ½ʷóǉ1
ĊQm_G¥)C+ɂē
D$9$
E. hirae0ǴŷƃÝ+ɳADC LTA=ʋ²+ĊǕ0óǉGɂ
$̗Figure 3-7 ̘A.
PCSK*=ĊǕ0óǉŭAD$̗Figure 3-7̘
+A
E. hirae0 LTA
Caco-2ɞɺ.Ȯȝ$ TLR2G¥) ZO-1@
3MLCK0ȮȝGäŮ)C+ɂēD$-
claudin-1> occludin
.()=ǑʨGʕ'$
DA0Ȯȝ˥.1īõʠAD-'$̗data 
not shown ̘  
 
4 ʟɚ 
 Caco-2ɞɺGȢ$ľ̏A
ʀɔqJ½ʷóǉGƏ L. rhamnosus0
ǴŷƃÝ1ɼʽƃÝ*B
TLR2G¥) Caco-2ɞɺ.³ȢC+ɂ
D$9$
ʀÔŘĞˡʋ E. hiraeGȢ$ľ̏A
ǴŷƃÝ0(1 LTA
*C+ƳA+-'$E. hirae+"0 LTA1
L. rhamonsus+ĊǕ
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Figure 3-1. Protective effect of L. rhamnosus (Lr) and L. rhamnosus-conditioned medium (Lr-
CM)  on  tumor  necrosis  factor-!  (TNF-!)–induced  changes  in  A)  transepithelial  resistance 
(TER) and B) IL-8 secretion by Caco-2 cells. Results are expressed as means ± standard error 
(n = 3). **P < 0.01 versus controls (none); #P < 0.05 and ##P < 0.01 versus TNF-! alone (–)."
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Figure 3-2. Protective effect of L. rhamnosus (Lr), actinase-treated L. rhamnosus (Ac-Lr), and 
lipase-treated L. rhamnosus (Li-Lr) on tumor necrosis factor-! (TNF-!)–induced changes in 
transepithelial resistance (TER). Results are expressed as means ± standard error (n = 3). **P < 
0.01 versus controls (none); ##P < 0.01 versus TNF-! alone (–); $P <0.05 versus TNF-!+L. 
rhamnosus (Lr)."
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Figure 3-3. Inhibitory effects of anti-TLR2 antibody (0.1-10µg/ml) on the protective effect of 
L. rhamnosus (Lr) on tumor necrosis factor-! (TNF-!)–induced changes in A) transepithelial 
resistance (TER) and B) IL-8 secretion by Caco-2 cells.  Results  are expressed as means ± 
standard error (n = 3). **P < 0.01 versus controls (none); #P < 0.05 and ##P < 0.01 versus TNF-
! alone (–); $$P <0.01 versus TNF-!+L. rhamnosus (Lr)."
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Figure 3-4. Protective effect of E. hirae (Eh), actinase-treated E. hirae (Ac-Eh), and lipase-
treated E. hirae (Li-Eh), and mutanolycin-treated E. hirae (Mu-Eh) on tumor necrosis factor-! 
(TNF-!)–induced  changes  in  A)  transepithelial  resistance  (TER)  and  B)  IL-8  secretion  by 
Caco-2 cells.  Results  are expressed as  means ± standard error  (n = 3).  **P  < 0.01 versus 
controls (none); ##P < 0.01 versus TNF-! alone (–); $P <0.05 versus TNF-!+E. hirae (Eh)."
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Figure 3-5. Protective effect of E. hirae (Eh), lipoteichoic acid (LTA), and of Pam3Cys-Ser-Lys4 
(PCSK) on tumor necrosis factor-! (TNF-!)–induced changes in A) transepithelial resistance 
(TER) and B) IL-8 secretion by Caco-2 cells. Results are expressed as means ± standard error 
(n = 3). **P < 0.01 versus controls (none); #P < 0.05 and ##P < 0.01 versus TNF-! alone (–)."
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Figure 3-6. Effect of E. hirae (Eh), lipoteichoic acid (LTA), and of Pam3Cys-Ser-Lys4 (PCSK) 
on Caco-2 cells not treated with tumor necrosis factor-! (TNF-!). In this experiment, the cells 
were  not  exposed  to  TNF-!  to  mimic  normal  (uninflamed)  conditions.  TER (a)  and  IL-8 
secretion (b) were measured after 48-h incubation. Results are expressed as means ± standard 
error (n = 3). *P < 0.01 versus controls (none)."
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Figure 3-7.  Expression of  A) zonula occludens-1 (ZO-1) and B) myosin light-chain kinase 
(MLCK) in Caco-2 cells.  The expression of  ZO-1,  MLCK, and !-tubulin was detected by 
Western  blotting  of  the  cellular  lysates.  Images  are  representative  of  3  independent 
experiments. Results are expressed as means ± standard error (n = 3). **P < 0.01 versus the 
controls (none); ##P < 0.01 versus TNF-! alone (–). "
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ɐ̜ɏ 
 ʀɔqJ½ʷóǉG̒<Cˡʋġ̍ǰ0ɀɎ 
 
1 Şʴ 
 ɐ̛ɏ*1
ʀɔqJ½ʷóǉ.˫FCˡʋǴŷƃÝ0(+) LTA
GĊĽ$LTA Gč;hLYˡ1
"0ǔː0˗.@BǘɻȦ-C+
ģďD)Cȗ.
hLYˡÅ˦1 D-alanine̗D-Ala̘> D-glucose .
@B¾̌D)B
D-Ala¾̌0Šĉ
ʋ0qLPvKŦƃ(86)

Ȱɞɺ50ƚȹ(87, 88)
9$1Ïȧʳɕǘɻ(89-92).ŧ̂GC+ģď
D)C
hLYˡ0 D-Ala ¾̌ʀɔqJ½ʷóǉ.,0@
-ŧ̂GC
D9*.ǑʨD)- 
 "*ǁɏ*1
hLYˡ0 D-Ala ¾̌+ʀɔqJ½ʷóǉ+0˫»ŷG
ʤǇ$A.
ŭAD$ɢǉG=+.
ʀɔqJ½ʷóǉGĨŤ!C
ˡʋġ̍ǃ¬0ʤǇGʭ:$ 
 
2 ǂƬ@3Ưǰ 
2.1 ˡʋ0ġ̍ 
 Streptococcus thermophilus ATCC 19258T1 4.5% M17 broth (Merck) *
37
Ĵǧǃ¬*ġ̍$V`^jgU)$ǁʋGM17ġğ
.ƚɈū
18ƶ˪0éġ̍Gʕ-'$ʋġ̍ǺG OD600 = 10–4+-C@
.ŗˣ
ǁġ̍Gʕ-'$(0ľ̏*1
ʋǌG MgSO4̗50mM̘
C1 L-alanine̗L-Ala̘̗ 3mM̘Gǽð$ 4.5% M17 ġğ
9$1Ȧ-
CġğȌŠ̗2%
10% M17ġğ̘>ġ̍ȀŠ̗30
37̘*ġ̍$ʋ
ƪ1
ʋġ̍Ǻ0ĎÎŠGȁĽC+.@BɓÜ$̗ OD600 of 1.0 = 2.82 ! 
108 cfu/ml ̘ 
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2.2 hLYˡD-alanine0Ľ˥ 
 ˡʋɞɺĩ.ķĞChLYˡ0D-Ala1
KristianA(87)0Ưǰ.Ȅ
)Ľ˥$ĘĂ$S. thermophilusGȆʋǨ*2ĘǳǶū
10Ý˪ȑǬ$
ʋ²G0.1M NaOH*37
1ƶ˪LSzj
hLYˡ0D-AlaG˔˺
!$˘ ŲÝ˺ū
HCl*đ$ǾG[x+$0@-ɪ>
-JQðǨÝʤǃ¬*1
{xfkVQȣǄ0D-Ala+÷â)
O
^hɢĉ*ɢĉ)ChLYˡȣǄ0D-Ala0:GƎÜ*C(93) 
 ʳʝ$[x
9$1 500nmol/ml0JoˡǖȄȅǺ̗ D-Glu
L-Thr

L-His
L-Arg
L-Ala
L-Lys
@3 D-Ala̘G 1% N#-(5-Fluoro-2,4-dinitro- 
-phenyl)-L-alaninamide̗ FDAA̘+Ǽĉ
40
1ƶ˪LSzjC
+*Joˡ0ʰŇõzõGʕ
HPLC ÝǇ.¶$ÝǇ.1
Inertsil C18Q̗ 4.6mm ! 150mm, GL Science G̘Ȣ$Ɇôȷ A (20mM
ˡljM, pH 5.7) +Ɇôȷ B (20mMˡljM: J`jmj
=2 : 3) GȢ
Ɇôȷ BȌŠG 0~100%	
 40
īõ!
ǵˏ 1 ml/minȅÜGʕ
340 nmǑÜ$ 
 
2.3 Real-time PCR 
 ʋġ̍Ǻ.2À˥0RNAprotect Bacteria Reagent̗ Qiagen G̘ǽð
ʋRNA
0ĺĽõGʕ'$˘ŲÝ˺.@Bʋ²GĘĂ
10mg/mlcf̗Wako 
Pure Chemicals̘+50U/mldo\̗Sigma-Aldrich̘*ȅʋ$Total 
RNA1
RNeasy kit̗Qiagen̘GȢ)ɘʝū
DNase I̗Life Technology̘
*Ûȟ$cDNA1
High-Capacity cDNA Reverse Transcription kit̗Life 
Technologies̘GȢ)ĉƃ$Real-time PCRāŴ1
KAPA SYBR Fast 
ABI Prism qPCR kit̗Kapa Biosystems̘GȢ
Applied Biosystems 7700 
Sequence Detection System G´Ȣ)ʕ'$´Ȣ$xL+"0˜
ßGTable 4-1.ɂ$ȮȝʤǇ.1
ȷŅĽ˥ǰ+)$$Ctǰ(94)Ȣ$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Ĉ˚­ĵ0Ȯȝ˥1
ÔĞŷYj*C16S rRNAȮȝ˥*ʜǜū
Y
jɱ.ŅCȷŅÂ*ɂ$ 
 
2.4 ʀɔqJ½ʷóǉ0ʬ¸ 
 ɐ̚ɏ0Ưǰ.Ȅ
Caco-2 ɞɺG Transwell *Ýõ!$S. 
thermophilis0ðȒǝʋ²̗2!10̝cells/well̘G Transwell0 apicalÅ.ǽð
 12ƶ˪xLSzjū
TNF-!̗ 20ng/ml G̘ basalÅ.ǽð
TER
ÂGȁĽ$ 
 
2.5 ɣʧÛȟ 
 ɢǉ1Ñ)ŚĠÂ±ǖȄʱœ*ʘ$ŚĠÂ0Ǧ˅G
one-way ANOVA.
@Bʕ
post-hoc test.1 TukeyǰGȢ$pÂ 0.05ǀȂ0Ĥĉ
ɣʧ
ȯ.ƽŽ+$ 
 
3 ɢǉ@3ɳń 
 ɐ̛ɏ9*1
+) L. rhamnosusGȢ)ǑʨGʕ'$"D1
Ǧ˅
.Ȣ$ LactobacillusŎ 4ʋǌ0*
Ƽ=ʀɔqJ½ʷóǉ̒'$
A*'$̗Figure 2-2 ̘
L. rhamnosus 1
Vj^dd
+)1
L. rhamnosus GGǌG˰
9B̆ȢD)-  
 "*
ǘɻŷ̉Ē50ŴȢGȴƒ$<
ǁɏ*1 S. thermophilusGȢ
$S. thermophilus1 Lactobacillus bulgaricus++=.Vjʝː.Ȣ
ADCʋɈ*B
ǘɻŷ̉Ē0˩Ȯ.˿Ř.˙)CÆǑʨ.
)
ǁʋǌ1éɏ9*.Ȣ$ L. rhamnosus> E. hirae+Ċɑ0qJ½ʷ
óǉGƽC+Gɀʯ)C̗data not shown ̘ 
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3.1 HPLC.@C D-Ala0Ľ˥ 
 Marfey(95)ģď$ FDAA	ʰŇ²õ
zõ
"0āŴȠƃȖGˌȷ HPLC.¶C+.@B
D²+ L²0
JoˡȦŷ²G÷â)*C+ɳ$"*
V˱ŷʋ0ɞɺĩǔ
ƃJoˡ+)ȼADC D-Glu, L-Thr, L-His, L-Arg, L-Ala, L-Lys, @3
D-AlaGǼĉ
FDAA+āŴ!$Figure 4-1. A.ɂ$@.
FDAA
	ʰŇ²õzõ$Joˡ1"D#DȦ-CȅÜƶ
˪*ǑÜD
D-Ala+1'B+÷âC+*$9$
D-Ala0ȌŠ
+uU˧.@BǑ˥ɩG³ƃ$ɢǉ
̒ȷ˫»ƪ̗r2 = 0.995̘Gɂ$
̗Figure 4-1 B ̘Ŭ')
0 HPLCǃ¬@3Ǒ˥ɩGȢ) D-Ala0Ľ˥
Gʕ+.$ 
 
3.2 ʋġ̍ǃ¬0˗.@ChLYˡ D-Ala˥0īõ 
 ʋ0ɞɺĩǔː1
ĨǠƿ>ġ̍ǃ¬.Į-ŧ̂GĄC(96)"*
h
LYˡ0 D-Ala¾̌ʋ0ĨǠƿ>ġ̍ȀŠ.·ķC
ǑʨGʕ'$S. 
thermophilusGʰŇƿ
Ņƪƿ
ĽŘƿɆʕƿ
ĽŘƿ
@3ǝȆƿ.ĘĂ
̗Figure 4-2 A 
̘hLYˡ0 D-Ala˥GĽ˥$"0ɢǉ
D-Ala˥1
ʰŇƿAŅƪƿ.Ĩð
ĽŘƿɆʕƿ.ƼĮÂGɂ$ū
ĽŘƿAǝ
Ȇƿ.)ǿŉ$̗Figure 4-2 B ̘0ɢǉ1
Bacillus subtilisGȢ
$˕þ0ȽɊɢǉ+ʇ)C(93)ǁȽɊ.CĽŘƿªˮ0 D-Ala˥ǿ
ŉ.=
ĊǕ0Qm_˫)C=D- 
 ǚ.
S. thermophilusG±Ȁ̗30 
̘˙Ȁ̗37 
̘9$1̒Ȁ̗43̘
*ġ̍
D-Ala˥GĽ˥$S. thermophilusG±Ȁ*ġ̍$Ĥĉ
˙Ȁ
*ġ̍$Ĥĉ@B˧ʰŇƿGɂ$
ĽŘƿ*0ɞɺȌŠ1 D0ǃ
¬*=Ċ*'$̗ Figure 4-3 A ̘S. thermophilusG̒Ȁ*ġ̍$Ĥĉ

D-Ala˥1̇ʎ.ǿŉ$̗Figure 4-3 B ̘±Ȁ*ġ̍$Ĥĉ=
ƽŽœ1
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ʯ<AD-=00
D-Ala˥0ǿŉÈċʠAD$̗Figure 4-3 B ̘̒Ȁġ
̍.@ChLYˡ D-Ala˥0ǿŉ1
§0V˱ŷʋ*=ɀʯD)C(97, 
98) 
 DA0ɢǉG˂9)
ªˮ0ľ̏*1S. thermophilusG37*ġ̍

ĽŘƿɆʕƿ.ɞɺGĘĂC+.$ 
 
3.3 hLYˡ0 D-Ala¾̌+ʀɔqJ½ʷóǉ0˫» 
 hLYˡ0 D-Ala¾̌ʀɔqJ½ʷóǉ.ŧ̂GCČGǑʨ
C$<.
S. thermophilus0hLYˡ D-Ala˥Gīõ!
"D.®ʀɔq
J½ʷóǉ0īõGʤǇ$ 
 hLYˡ0 D-Ala¾̌1
dltA, dltB, dltC, dltD, @3 dltXGč;˚­ĵ
ɱ.YkD$drUʽ.@BäŮDC(99)dltA, dltB, dltC, 9$1
dltDGǴõ$Ĥĉ
hLYˡ0 D-AlaǟĢǙơC+A(87, 90, 100, 
101)
hLYˡ0 D-Ala¾̌.DA0˚­ĵɱų̄*C+ɳADC
S. aureus.)
MgSO41 dlt˚­ĵɱ0mRNAȮȝGƉäC+ģ
ďD)C(102)S. thermophilus.)=
ġğ.MgSO4GǽðC
+.@BdltA, dltB, dltC, dltD, @3dltX0mRNAȮȝ˥ǿŉ$̗ Table 
4-2 ̘-
MgSO4ǽð.@B S. thermophilus0ĨǠˏŠ1>>±$
̗Figure 4-4 A 
̘̇ʎ-ǥŷ1ʯ<AD-'$̗Figure 4-4 A ̘dlt˚­ĵ
ɱ0mRNAȮȝǿŉ+ȷ˫)
MgSO4ǽð.@B D-Ala˥1̇ʎ.ǿŉ
$̗Figure 4-4 B ̘ǚ.
MgSO4.@C D-Ala˥0±
ʀɔqJ½ʷó
ǉ.ŧ̂GCǑʨ$Figure 4-4 C.ɂ$@.
37*ĽŘƿɆ
ʕƿ9*ġ̍$ S. thermophilus1
TNF-!.@C TERÂ±GƉä$
̗Figure 4-4 C, control ̘
S. thermophilus GMgSO4ǽðġğ*ġ̍
$Ĥĉ
TERÂ±Ɖäóǉ1ʠAD-'$̗Figure 4-4 C, MgSO4 ̘
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DA0ɢǉA
hLYˡ D-Ala˥0īõ
S. thermophilus0ʀɔqJ½
ʷóǉ.ŧ̂GC+ɂēD$ 
 
3.4 hLYˡ0 D-Ala¾̌¼˓.@CʀɔqJ½ʷóǉ0ĨŤ 
 ʩ0ľ̏.@B
hLYˡ0 D-Ala˥+ʀɔqJ½ʷóǉȷ˫C
+ɂēD$$')
hLYˡ0 D-Ala¾̌G¼˓!C+.@B

S. thermophilus0ʀɔqJ½ʷóǉGĨŤ*CćɻŷɳAD$ŰȠ
Ȗ0ɞɺĩǔː@3ƃÝ1
ġğƃÝ0ŧ̂GĄC"*
M17ġğ
0ƃÝhLYˡ D-Ala˥0Ĩð
@3 S. thermophilus0ʀɔqJ½ʷ
óǉ0ĨŤ.ŃCČGǑʨC$<.
ĊʋGȦ-CȌŠ0M17ġğ
*ġ̍
D-Ala˥@3 TERÂ±ƉäóǉGʤǇ$ 
 M17ġğȌŠ0˗1
S. thermophilus0ĨǠ.ŧ̂G-'$
̗Figure 4-5 A ̘M17ġğ0ȌŠG 4.25%A 2%.ǿŉ!$Ĥĉ
hLY
ˡ0 D-Ala˥1̇ʎ.ǿŉ$̗ Figure 4-5. B ̘9$
D-Ala˥0ǿŉ.®

2% M17ġğ*ġ̍$ S. thermophilus*1 TERÂ±Ɖäóǉ1ʠAD-
'$̗Figure 4-5 C ̘Ư
M17ġğȌŠG 10%.Ĩð!$Ĥĉ
hLY
ˡ D-Ala˥@3 TERÂ±Ɖäóǉ1ƽŽ.Ĩð$̗Figure 4-5 B, C ̘
ª0ɢǉA
M17ġğ0ƃÝhLYˡ D-Ala˥GĨð!C+ɂ
D$A.
hLYˡ D-Ala˥0Ĩð.®
S. thermophilus0ʀɔq
J½ʷĨŤDC+ɂēD$ 
 ǚ.
M17ġğ0 L-AlahLYˡ D-Ala˥Ĩð.Ń)C0*1-
+«Ľ
3mM L-AlaG 4.25% M17ġğ.ǽð)ʤǇGʕ'$4.25%
@3 10% M17ġğ0 L-Ala ȌŠ1
"D#D 2.35mM@3 5.53mM*
B
"0œ1 3.18mM*CŬ')
4.25% M17ġğ. 3mM L-AlaGǽ
ðC+.@B
10%M17ġğ0 L-AlaȌŠ+78Ċɑ+-CʤǇ0ɢ
ǉ
M17ġğ. L-AlaGǽðC+.@B
S. thermophilus0ĨǠ.ŧ̂
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G .hLYˡ D-Ala˥GĨð!C+*$̗Figure 4-6 A, B ̘
A.
L-Alaǽð.@B S. thermophilus0 TERÂ±Ɖäóǉ=ĨŤD$
̗Figure 4-6 C ̘ŰȠȖ.)
D-Ala1 Ala0`õGʥĳCˠɜ*
C Ala racemase̗Alr̘G¥)ĉƃDCS. aureus0 alr˚­ĵGǙơ
!$Ĥĉ
hLYˡ0 D-AlaǙơC+ģďD)C(103)0
+A
L-AlaGĢʽ+$ D-AlaĉƃhLYˡ0 D-Ala¾̌.ų̄*C
+ɳAD
L-Alaǽð.@ChLYˡ D-Ala˥0Ĩð1
AlrG¥$ D-Ala
ĉƃ˥0Ĩð.®=0+ɂēDC 
 ª0ɢǉA
L-Ala ǽð1hLYˡ0 D-Ala ¾̌G¼˓
S. 
thermophilus0ʀɔqJ½ʷóǉGĨŤ!C+ɂD$ 
 
4 ʟɚ 
 LTAGč;hLYˡ0 D-Ala¾̌1
ʋ0ĨǠƿ
ġ̍ȀŠGč;ġ̍ǃ¬
.Į-ŧ̂GĄC+ƳA+-'$MgSO4.@BhLYˡ0 D-Ala
¾̌GƉä$Ĥĉ
S. thermophilus0ʀɔqJ½ʷóǉǿŉ$0
+A
hLYˡ0 D-Ala¾̌ S. thermophilus0ʀɔqJ½ʷóǉ.
ˤʟ-ŨîGǉ$)C+ɂēD$9$
L-AlaGǽð$ġğ*
S. thermophilusGġ̍C+.@B
hLYˡ0 D-Ala¾̌¼˓D
ʀ
ɔqJ½ʷóǉGĨŤC+*$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Table 4-1.  Primer sequences used in this study. 
 
  
Gene
dltA Forward 5'-GCTCAATCACAACCCGACTT-3'
Reverse 5'-CTATCCGAATCGGCTTTCAA-3'
dltB Forward 5'-TATCGAGATGCGTGATGGAG-3'
Reverse 5'-TCAATGGGACCACTTGTGAA-3'
dltC Forward 5'-ATTCGTGTCCCAGTTTCAGA-3'
Reverse 5'-CTCCGTTACCCCTTCAACAA-3'
dltD Forward 5'-ATGGCAGATTTTGGTCCAG-3'
Reverse 5'-TCATTCGTCAGCGTACTGC-3'
dltX Forward 5'-TGTCCTCGTCTTTTTAGGACA-3'
Reverse 5'-CTTGACCTTGTCCTAGGTAATTG-3'
16S Forward 5'-AGCGTTGTCCGGATTTATTG-3'
Reverse 5'-CACTCTCCCCTTCTGCACTC-3'
Sequence
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Table 4-2.  Effects of MgSO4 on dlt mRNA expression. 
Control MgSO4
(50mM)
dltA 1.00±0.07    0.34±0.08**
dltB 1.00±0.11    0.38±0.11*
dltC 1.00±0.13    0.34±0.11*
dltD 1.00±0.02    0.56±0.10*
dltX 1.00±0.29    0.27±0.08
 
Levels of dlt mRNA were normalized to 16S rRNA, and expressed relative to 
the sample incubated in control broth. Results are expressed as means ± SE 
(n = 3). *P < 0.05 versus control, and **P < 0.01 versus control. 
  
Figure 4-1. Quantification of D-Ala by HPLC. (A) The standard amino acids (D-Glu, L-Thr, L-
His, L-Arg, L-Ala, L-Lys, and D-Ala) were coupled with 1% FDAA, and the mixture (500nmol 
each) was applied to HPLC. Peak 1, D-Glu and L-Thr; peak 2, L-Lys; peak 3, L-His; peak 4, L-
Arg; peak 5, L-Ala; and peak 6, L-Lys; peak 7, D-Ala. (B) The regression line was constructed 
with serial dilution (100, 200, 400, and 800nmol/l) of D-Ala coupled with FDAA. !
!
(A)
(B)
Retension time (min)
15 20 25
0D
 3
40
nm

1
2
3 4 5
6
7
Pe
ak
 h
ei
gh
t!
(a
rb
itr
ar
y 
un
it)

D-Ala (nmol)
0 500 1000
r2 = 0.995
61
OD
 6
00
nm
!
0!
1!
2!
Incubation time (h)
0! 10! 20! 30!
Figure 4-2. D-Ala content was growth phase-dependent. (A) S. thermophilus was cultured, and 
the growth was measured spectrophotometrically at 600nm. Representative growth curve was 
shown. The bacterial cells were harvested at five time points, indicated by arrows (1, lag-phase; 
2, exponential-phase; 3, early-stationary-phase; 4, stationary-phase; and 5, death-phase). (B) 
The bacterial cells were harvested at the five points during growth , and the D-Ala content was 
quantified. Results are expressed as means ± SE (n = 3). **P < 0.01 versus lag-phase (1). !
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Figure 4-3. D-Ala content was growth temperature-dependent. (A) S. thermophilus was cultured 
at 30°C, 37°C, and 43°C and the cell growth was measured spectrophotometrically at 600nm. 
Representative growth curve was shown. (B) The bacterial cells were harvested at the early-
stationary-phase, and the D-Ala content was quantified. Results are expressed as means ± SE (n 
= 3). **P < 0.01 versus S. thermophilus incubated at 37°C.!
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Figure  4-4.  Effects  of  MgSO4  on  D-Ala  content,  and  barrier-protecting  activity  of  S. 
thermophilus.  S. thermophilus  was cultured in M17 broth or M17 broth supplemented with 
50mM  MgSO4.  (A)  The  cell  growth  was  measured  spectrophotometrically  at  600nm. 
Representative growth curve was shown. (B) The bacterial cells were harvested at the early-
stationary-phase, and the D-Ala content was quantified. Results are expressed as means ± SE (n 
= 3). **P < 0.01 versus control. (C) Caco-2 cell monolayers were treated S. thermophilus and 
TNF-!. TER was measured 48h after TNF-! treatment. Results are expressed as means ± SE (n 
= 3). **P < 0.01 versus non-treated monolayers (None).
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Figure 4-5. High concentration of culture medium increases D-Ala content and the barrier-
protecting effect of S. thermophilus. S. thermophilus was cultured in 2, 4.25, or 10% M17 
broth. (A) The cell growth was measured spectrophotometrically at 600nm. Representative 
growth curve was shown. (B) The bacterial cells were  were harvested at the early-stationary-
phase. The D-Ala content was quantified. Results are expressed as means ± SE (n = 3). **P < 
0.01 versus S. thermophilus cultured in 4.25% M17 broth (4.25%). (C) Caco-2 cell monolayers 
were treated S. thermophilus and TNF-!. TER was measured 48h after TNF-! treatment. 
Results are expressed as means ± SE (n = 3). *P < 0.05 versus non-treated monolayers (None).
; ##P < 0.01 versus TNF-! alone (—); †P < 0.05 versus S. thermophilus cultured in 4.25% M17 
broth (4.25%).
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Figure  4-6.  Effects  of  L-Ala  on  D-Ala  content,  and  barrier-protecting  activity  of  S. 
thermophilus.  S. thermophilus  was cultured in M17 broth or M17 broth supplemented with 
3mM  L-Ala.  (A)  The  cell  growth  was  measured  spectrophotometrically  at  600nm. 
Representative growth curve was shown. (B) The bacterial cells were harvested at the early-
stationary-phase, and the D-Ala content was quantified. Results are expressed as means ± SE (n 
= 3). **P < 0.01 versus control. (C) Caco-2 cell monolayers were treated S. thermophilus and 
TNF-!. TER was measured 48h after TNF-! treatment. Results are expressed as means ± SE (n 
= 3). **P < 0.01 versus non-treated monolayers (None).
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ɐ̝ɏ 
 ˡʋ.@CȍȪŷ TɞɺÝõƉäóǉ  
 
1 Şʴ 
 ˡʋ.@Cʀɔ|P^d\^ɥƑQm_+)
ʀɔqJ½ʷ+
+=.ʀɔÏȧɞɺ0äŮƓADCȗ. IBD-,0ʀɔȍȪȨŹ.
)1
Th1> Th17-,0ȍȪŷ Th ɞɺ0Ǵŷõȩę.ǻ˫)C
DA0ɞɺǴŷõDCýę-,1Ƴ-ȎĭǟD)C
Th1
> Th17ȡȠCȍȪŷ[LjQL1
ʀɔqJǘɻ0±GʰŇC+
+=.
ɠɮ0ȍȪāŴG¼˓CŬ')
DA0ȍȪŷ Thɞɺ0Ǵŷõ
GƉäC+1
ʀɔ|P^d\^ɥƑ.)˿Ř.ˤʟ*C 
 ťȽɊĿ0ÍʕȽɊ.@')
Bifidobacterium longun subsp. infantis̗ª
 B. infantis̘ʀɔ Th17ɞɺGƉäC+Gʠ%D)C(104)

"0Qm_.()1Ƴ-ȎĭǟD)C9$
ɐ 2-4
ɏ*Ȣ$ lactobacilli > streptococci .Ǧ6
bifidobacteria 1Įʀ.Ľȹ
ȠŸ>ʋ*B
Įʀȍ0ˬɪđ.
@B˙Þ*1-+ɳ$
"*ǁɏ*1
DSS ʰŇŷʀȍiM^GȢ)
Th1 > Th17 ɞɺ0
ǴŷõQm_GʤǇC++=.
B. infantis .@CĮʀȍƉäóǉ0ʬ
¸
@3ʀɔ Th17ɞɺ0ƉäQm_0ʤƳGʭ:$ 
 
2 ǂƬ@3Ưǰ 
2.1 ˡʋ0ġ̍ 
 B. longum subsp. infantis JCM1222T1 GAM broth (ưǨʝʑ) * 37
Ĵ
ǧǃ¬* 16ƶ˪ġ̍$ʋ²G PBS*̛ĘǳǶū
108 cells/ml+-C@
. PBS.Ƃȋ
ʭ̏.ȢC9*-80*½ķ$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2.2 ôȖľ̏ 
 ɐ̚ɏ0Ưǰ.Ȅ)
DSS Ɗ.@BʀȍGȮȪCM^iG³ƃ
$6-8˒̕0˸ŷ BALB/cM^Ge. 3(0Vx̗n=4-6̘.
Ý$Group 1̗None̘.
0ưȴA 5ưȴ. PBS̗ʋ²0FB̘Gɡ
ĆƊ$Group 2̗DSS̘.1 3.5% DSSG̊:Ǩ+)
PBSGɡ
ĆƊ$Group 3̗ DSS+Bi .̘1
3.5% DSSG̊:Ǩ+)
B. infantis
Ƞʋ̗107 cells/mouse/day̘G"D#DɡĆƊ$ 
 ²ˤȁĽGǤưĊƶç.ʕ'$DSSƊA 5ưȴ.̅ǐɽʈ.@B
M^GŏǡʤêGʕ'$ȵʀAȶʀ9*0ĮʀÑ²GƣÜ
ȍȪ0ƒ
ǖ+)Įʀ0˧GȁĽ$ 
 
2.3 Įʀɠɮ0[LjQL˥ȁĽ 
 M^0ɢʀ˛̗5cm̘G[x+)Ȣ$ɢʀGǨŚƯċ.˩

ʀÔŁȖGăB˰$ū.
100IU/ml {m\
100µg/ml ^jxjL
\
@3 50µg/ml XdL\GčƽCØ PBS *ǳǶ$ɢʀG
5mm7,0ÞȔ.Qgj
24 wellxj* 24ƶ˪ġ̍$ġğ1
10̖
ȕɹ¦ʔǾ̗ICN Biochemicals, Inc. 
̘10mM 2-QxjOdo̗˫ǅ
õĹ 
̘100IU/ml {m\
100µg/ml ^jxjL\
50mg/ml X
dL\
@3 0.01M 4- (2-skS\]f) -1-u{]Od^
|ˡ̗Wako Pure Chemicals̘GčƽC RPMI1640̗Invitrogen̘GȢ
$24ƶ˪ū.ġğǾGĘĂ
IFN-", IL-17, IL-4, @3 IL-10ȡȠ˥G
ELISAǰ*ȁĽ$9$
´Ȣ$ʀɔɠɮ0drUʽȌŠGȁĽ
Ĉ
[x˪0[LjQLȡȠ˥GɠɮdrUʽȌŠ*ʜǜ$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2.4 ĮʀȰɞɺ0ú˺ 
 ʩ+ĊǕ.M^0ɢʀ˛GƣÜǳǶ
1mM DTTGč; PBS*
ĿȀ
10Ý˪ƕȳ!$ɢʀG 30mM EDTAGčƽC PBS.Ɇ
37

10 Ý˪LSzj$1 Ý˪}hgU^)ȰɞɺGì˺
ǟ'
$ɠɮȔGăB˰$ŭAD$ȰɞɺGØ PBS* 2ĘǳǶū
2mg/ml i
K^ra̗Life Technologies̘@3 50mg/ml DNase I̗Roche̘Gčƽ
C PBS .ÖƂȋ$ɞɺƂȋǺG 2 Ý˪. 10 Ʉ˪}hgU^-
A
37
30Ý˪LSzj$ȰɞɺGƮ$- 2mg/ml iK^r
a@3 50mg/ml DNaseGčƽC PBS.ÖƂȋ
ĊǕ0ƥ³G=
ŠɯBˉ+*úɞɺõ$ŭAD$Ȱɞɺ1 20%rY̗GE 
Healthcare̘.ÖƂȋ
40%rY.ˤŐū
600g * 15 Ý˪˘ŲÝ
˺$20%/40%rY0ħȤŐAɘʝD$ȰɞɺGĘĂ$ 
 
2.5 ɾɞɺ@3 Tɞɺ0ú˺ 
  6˒̕0˸ŷ BALB/cM^G̅ǐɽʈ*ŏǡ
ɾʄGƣÜ$ɾʄG
ȆʋlLg\*Ɣ:
5ml 0 RPMI ĻÑġğ*\]0x]
ʛÅGȢ)ƍ(4$ŭAD$ɾɞɺG red blood cell lysing buffer
̗Sigma-Aldrich .̘ÖƂȋ
ǩ* 5Ý˪˾ɰC+*ȅʔÛȟGʕ'$
ū
Ø PBS* 2ĘǳǶ
ɾɞɺ[x+)ªˮ0ľ̏.Ȣ$ 
 ɾɞɺA0 Tɞɺú˺.1
pan T cell isolation kit̗ miltenyi G̘Ȣ$
mJ.Ŭ')ɾɞɺ0˿ T ɞɺGɁǧt_*ǖʶ
ɁĤ.ʪɰ
$Q.ˎ+*
TɞɺGnRhKw`U\ǰ.@Bŭ$ 
 CD4+ Tɞɺ@3 CD8+ Tɞɺ0ú˺.1
CD4+ Microbeads̗miltenyi̘
GȢ$mJ.Ŭ') Tɞɺ0 CD4+ TɞɺGɁǧt_*ǖʶ

ɁĤ.ʪɰ$Q.ˎ+*
CD4+ TɞɺG~]hKw`U\ǰ

CD8+ TɞɺGnRhKw`U\ǰ.@B"D#Dŭ$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2.6 Òġ̍ 
 ʩ0@.ú˺$ĮʀȰɞɺG
ɾɞɺ
Tɞɺ
CD4+ T
9$1 CD8+ 
Tɞɺ+Òġ̍$ĮʀȰɞɺ1 2!105 cells/well+-C@.
9$
ɾ
ɞɺ
Tɞɺ
CD4+ T
C1 CD8+ Tɞɺ1 1!106 cells/well+-C@.
"D#Dʳʝ
96 wellxj.ƤɈ$ġğ1
ʩ0 RPMIġğGȢ
$Tɞɺ
CD4+ T
9$1 CD8+ TɞɺGȢCĤĉ1
ɞɺƂȋǺ.Ƌ
CD3%Ƌ²̗miltenyi̘GƼɟȌŠ 5mg/ml+-C@.ǽð$(0
ľ̏*1
ĮʀȰɞɺGƋ CD80 Ƌ²̗10mg/ml; Abcam̘9$1Ƌ CD86
Ƌ²̗10mg/ml; Abcam̘* 37
30Ý˪éÛȟ$ū
CD4+ Tɞɺ+Òġ
̍$9$
§0ľ̏*1
CD4+ TɞɺGƋ CD40Ƌ²̗ 10mg/ml; Abcam̘
* 37
30 Ý˪éÛȟ$ū
ĮʀȰɞɺ+Òġ̍$5 ư˪Òġ̍ū

ġ̍ǾGĘĂ
IFN-", IL-17, IL-4, @3 IL-10ȡȠ˥G ELISAǰ*ȁĽ
$ 
 
2.7 v[Ljj 
 ʩ0@.ɘʝ$ĮʀȰɞɺG
1!106 cells/ml+-C@. 2%ȕɹ
¦ʔǾGčƽC PBS .Ƃȋ$ɞɺ0ĜĽ@3ˍ˕Ûȟ1
IntraPrep
ʭʑ̗ Beckman Coulter G̘Ȣ)mJ.Ŭ')ʕ'$ɞɺGĜĽū

phycoerythrin (PE)/ Cyanine (Cy) 5 Ƌ CD80 Ƌ ² (eBioscience) 

allophycocyanin (APC)Ƌ CD86Ƌ²̗eBioscience 
̘9$1 APCƋ CD40Ƌ
²̗eBioscience̘GɞɺƂȋǺ.ð 4
30Ý˪LSzjʘ̀Ƌý
Gǖʶ$ɞɺGˍ˕Ûȟū
FITCƋpan cytokeratinƋ²̗ Sigma-Aldrich̘
GɞɺƂȋǺ.ð 4
30 Ý˪LSzj[LjWf̗Ȱɞɺ
0Q̘Gǖʶ$9$
ɞɺGĈƋ²0JLbdLxYjƋ
²*ĊǕ.Ûȟ
Yj[x+)Ȣ$v[Ljd
̗Guava EasyCyte HT flow cytometry systems
Merck̘GȢ)
ú˺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$Ȱɞɺ0ɘʝŠ
9$1 CD80, CD86, @3 CD40 Ȯȝɞɺ0îĉGʤ
Ǉ$ 
 
2.8 in vitroɞɺľ̏ 
 M^ʀɔȰǕǌõɞɺ*C colon-261
ǅöĮĹð̕øĹȽɊƅ øȢ
ɞɺʻȃ`d@BÐƆ$ɞɺġ̍Ȣ0ġğ+)
10̖ȕɹ¦ʔǾ

̙̖˿ų̄Joˡ
100IU/ml {m\
100µg/ml ^jxjL\

@3 50mg/ml XdL\GčƽC RPMI1640 ġğGȢ$ɞɺG
75cm̚0ɠɮġ̍v^Y*ɚ 70̠80̖YvO^.-C9*ġ̍

5!104 cells/well +-C@. 24 well xj.ƤɈ$Ʒġ̍ū
B. 
infantis̗Ƞʋ̘G 1!105 cells/well +-C@.ǽð
2 ƶ˪xLS
zj$"0ū
100IU/ml {m\
100µg/ml ^jxjL\G
ǽð) B. infantis 0ĨǠGÃǛ!
IFN-"̗20ng/ml̘Gǽð
6
24

48
@3 72ƶ˪LSzj$Trizol̗Life Technologies̘*ɞɺG
ĘĂ
[xG-80*½ķ$ 
 
2.9 Real-time PCR 
 ʩ0@.ɘʝ$ĮʀȰɞɺA
µMACS mRNA Isolation Kit
̗miltenyi̘GȢ
mJ.Ŭ')mRNAGƎÜ$Trizol*ĘĂ
$ colon-26ɞɺA
mJ.Ŭ') total RNAGƎÜ$ 
 cDNA0ĉƃ@3 real-time PCRāŴ1
ɐ̜ɏ0Ưǰ.Ȅ)ʕ'$
´Ȣ$xL+"0˜ßG Table 5-1.ɂ$ȮȝʤǇ.1
ȷŅĽ˥
ǰ+)$$Ct ǰȢ$Ĉ˚­ĵ0Ȯȝ˥1
ÔĞŷYj*C
&-actinȮȝ˥*ʜǜū
Yjɱ.ŅCȷŅÂ*ɂ$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2.10 ɣʧÛȟ 
 ɢǉ1Ñ)ŚĠÂ±ǖȄʱœ*ʘ$ŚĠÂ0Ǧ˅G
one-way ANOVA.
@Bʕ
post-hoc test.1 TukeyǰGȢ$pÂ 0.05ǀȂ0Ĥĉ
ɣʧ
ȯ.ƽŽ+$ 
 
3 ɢǉ@3ɳń 
3.1 B. infantis.@CʀȍƉäóǉ 
 ɐ̚ɏ*
L. rhamnosus DSSʰŇŷĮʀȍGƉäC+Gɂ$B. 
infantis =ĊǕ-ʀȍƉäƉäóǉGƽC
ǑʨGʕ'$"0ɢǉ
B. 
infantis GɡĆƊC+.@B
DSS .@C²ˤǿŉ@3Įʀ0ʍɬ
ƉäD$̗Figure 5-1, 5-2 ̘0+A
B. infantis=ʀȍƉäóǉGƽ
C+ɂD$ 
 Caco-2ɞɺGȢ$ʀɔqJǘɻʬ¸ə.)
B. infantis1ɐ 2~4ɏ
*Ȣ$§0ʋǌ7,̒ TER Â±ƉäóǉGɂ-'$̗data not 
shown ̘9$
ǁʋǌ1
Escherichia coli O157.@CʀɔqJǘɻ0±
GƉä*-+=ģďD)C(105)A.
ǁʋǌ1 Th17 ɞɺȡ
ȠC IL-17 0ȡȠĨðGƉäC+ģďD)C(104)DA0ȼʠ
A
B. infantis.@CʀȍƉäóǉ1
ʀɔqJ½ʷ.@C=0*1-

ȍȪŷ Thɞɺ0Ɖä.@C=0*C+ŻD$ 
 "*
M^Įʀɠɮ0[LjQLȡȠ˥GȁĽ$IFN-", IL-17, 
@3 IL-41
ȍȪŷ Thɞɺ*C Th1, Th17, @3 Th2ɞɺ"D#Dȡ
ȠCʟ-[LjQL*C9$
IL-101 Tregɞɺ̗ äŮŷ Thɞɺ̘
ȡȠCʟ-[LjQL*CDSSƊ.@B IL-4ȡȠ˥.īõ1ʠ
AD-'$
IFN-"+ IL-17 0ȡȠ˥Ĩð$̗Figure 5-3 ̘9$
Ƌ
ȍȪŷ[LjQL IL-100ȡȠ˥=Ĩð$̗Figure 5-3 ̘DA0ɢǉ1
˕þ0ģď+ʇ)C(106, 107)Ŭ')
DSS Ɗ.@B
Įʀ* Th1
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@3 Th17ɞɺǴŷõD$+ɂēD$9$
IL-10ȡȠĨð)
$+A
ȍȪāŴGƉäC$<. TregɞɺʰŇD$ćɻŷɳA
D$Ư
B. infantisGƊ$ɱ*1
IFN-"+ IL-170ȡȠĨðƉä
D$D.®
IL-10ȡȠ˥=ƉäD$DA0ɢǉA
B. infantis
1Įʀ0 Th1@3 Th17ɞɺ0ǴŷõGƉäC+ɂēD$ 
 
3.2 ȍȪȰɞɺ.@C IFN-"@3 IL-17ȡȠʰŇ 
3.2.1 ɾɞɺA0 IFN-"@3 IL-17ȡȠʰŇ 
 IBD Źɴ0ʀɔȰɞɺ1
ȍȪŷ[LjQL> T ɞɺÒæȊÝĵGȦŘ
Ȯȝ)B
ÏȧɞɺA0ȍȪŷ[LjQLȡȠG¼˓C+ģď
D)C(32, 33, 108)"*
DSSʰŇŷʀȍ.C IFN-"+ IL-17ȡȠ
Ĩð.
ĮʀȰɞɺ˫)C0*1-+«Ľ
ʤǇGʭ:$ 
 ȏÛȟM^@3 DSSƊM^AĮʀȰɞɺGú˺
ȏÛȟM
^ȣǄ0ɾɞɺ+Òġ̍$ɾɞɺ1 T ɞɺ
B ɞɺ
ǗȘɞɺ>Uv
I]-,
ʀɔÏȧɞɺ+ĊǕ0ɞɺ˷ĚGƽCDAG 5 ư˪Òġ̍
ū. IFN-"+ IL-17 ȡȠ˥GȁĽ$ɢǉ
DSS ƊM^ȣǄ0ĮʀȰɞ
ɺ1
ɾɞɺA0 IFN-"+ IL-170ȡȠ˥GĨð!$̗ Figure 5-4 B, C.  ̘
Ư
ȏÛȟM^ȣǄ0ĮʀȰɞɺ1
ɾɞɺA0 IL-17 ȡȠGʰŇ
$
DSS ƊM^ȣǄ0ĮʀȰɞɺ.Ǧ6
"0ŧ̂1ň'$ 
̗Figure 5-4 B, C.  ̘DA0ɢǉA
DSSƊ.@BȍȪȘſ.CĮ
ʀȰɞɺ1
ÏȧɞɺA0 IFN-"+ IL-17ȡȠGʰŇC+ɂēD$ 
 ǚ.
ȍȪȰɞɺ.@C IFN-"+ IL-17ȡȠʰŇQm_0ʤƳGʭ:$
Qm_+)
ȍȪȰɞɺȡȠC[LjQL-,0Ǻŷęĵ˫
C+ɳAD$$<
ĮʀȰɞɺ+ɾɞɺG Transwell *Òġ̍
$Figure 5-4 A. 	0@.
ĮʀȰɞɺG Transwell0vKd.

ɾɞɺGşMN.ƤɈ$0Ĥĉ
ĮʀȰɞɺ+ɾɞɺ1ȶƚƚʥ
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C+1*-
[LjQL-,0Ǻŷęĵ-,.@Bȷ ³ȢC
+1*CFigure 5-4 B, C. 	*ɂ$@.
Transwell*Òġ̍C
+.@B
DSS ƊM^ȣǄĮʀȰɞɺ.@C IFN-"+ IL-17 ȡȠʰŇ
˭ŀD$0+A
ȍȪȰɞɺ.@C IFN-"+ IL-17ȡȠʰŇ.1

Ïȧɞɺ+0ȶƚƚʥų̄*C+ƳA+-'$ 
 
3.2.2 CD4+TɞɺA0 IFN-"@3 IL-17ȡȠʰŇ 
 Í.ˊ6$@.
ɾɞɺ.1 T ɞɺ
B ɞɺ
ǗȘɞɺ>UvI]
-,Ǖ-ÏȧɞɺķĞC"*
ȍȪȰɞɺ,0Ïȧɞɺɱ.³
Ȣ
IFN-"> IL-17ȡȠGʰŇC0GǑʨ$ȏÛȟM^ȣǄ0ɾɞ
ɺG Tɞɺ+˿ Tɞɺ+.Ý
ʩ+ĊǕ.
ȏÛȟM^@3 DSSƊ
M^ȣǄ0ĮʀȰɞɺ+Òġ̍$ĮʀȰɞɺG˿ T ɞɺ+Òġ̍
$Ĥĉ
 D0[LjQLȡȠ˥=īõ1ʠAD-'$̗data not 
shown ̘9$
ȏÛȟM^ȣǄ̗ None-IEC +̘ DSSƊM^ȣǄ̗ DSS-IEC̘
0ĮʀȰɞɺA0[LjQLȡȠ˥.œ1ʠAD-'$̗ Figure 5-5 ̘
DSS M^ƊM^ȣǄ0ĮʀȰɞɺ1
T ɞɺA0 IFN-"+ IL-17 ȡ
ȠĠʎ.Ĩð!$̗Figure 5-5 A, B. DSS-IEC/T ̘IL-10.()=ĊǕ
0ÈċʠAD$̗Figure 5-5 D. DSS-IEC/T ̘Ư
ȏÛȟM^ȣǄ0Į
ʀȰɞɺ1
DA0[LjQLȡȠ.7+H,ŧ̂G-'$
̗Figure 5-5. None-IEC/T ̘0+A
ȍȪȰɞɺ1 TɞɺA0 IFN-"
+ IL-17 ȡȠGʰŇC+ƳA+-'$9$
DA0ɢǉ1Įʀɠ
ɮ0[LjQLȡȠ˥̗Figure 5-3̘+ĊǕ0ÈċGɂ$+A
DSS
Ɗ.@CĮʀ0 IFN-"+ IL-170ȡȠĨð.
ĮʀȰɞɺˤʟ-ŨîGǉ
$)C+ɂēD$ 
 ǚ.
T ɞɺG CD4+T ɞɺ̗yrT̗Th̘ɞɺ̘+ CD8+T ɞɺ̗S
Tɞɺ̘.Ý
ʩ+ĊǕ.
ȏÛȟM^@3 DSSƊM^ȣǄ0
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ĮʀȰɞɺ+Òġ̍$DSSƊM^ȣǄ0ĮʀȰɞɺ1
CD4+Tɞ
ɺ+ CD8+T ɞɺ0ƯA IFN-"+ IL-17 ȡȠGʰŇ$̗Figure 5-6. 
DSS-IEC/T ̘Ư
ȏÛɰM^ȣǄ0ĮʀȰɞɺ1
DA0[LjQL
ȡȠ.7+H,ŧ̂G-'$̗Figure 5-6. None-IEC/T ̘9$
DSS
ƊM^ȣǄ0ĮʀȰɞɺ1. CD4+TɞɺA0 IFN-"+ IL-17ȡȠG
ʰŇC+ƳA+-B
Th1 @3 Th17 ɞɺGǴŷõC+ɂē
D$ 
 
3.3 B. infantis.@C Th1/Th17ɞɺƉäóǉ 
 ʩ0ɢǉA
DSSƊM^ȣǄ0ȍȪȰ1
CD4+Tɞɺ+ȷ ³Ȣ

Th1/Th17ɞɺGǴŷõC+ɂēD$B. infantis10@-ȍ
ȪȰ0³ȢGƉäC+.@BDSSʰŇŷĮʀȍGƉäC0*1-
+ɳ
ǑʨGʕ'$ȏÛȟM^
DSSʀȍM^
@3 DSSʀȍ.
B. infantisGɡĆƊM^A"D#DĮʀȰɞɺGú˺
CD4+Tɞɺ
+Òġ̍Gʕ
IFN-"+ IL-17ȡȠ˥GȁĽ$B. infantis0Ɗ.@B

ȍȪȰ0 IFN-"/IL-17 ȡȠʰŇɻ̇ʎ.ǿŉ$̗Figure 5-6. DSS+Bi- 
IEC/T ̘0ɢǉA
B. infantis1ȍȪȰ0 Th1/Th17ǴŷõɻGƉä
C+.@B
ĮʀȍGƉäC+ɂēD$ 
 
3.4 B. infantis.@CÒæȊÝĵȮȝ0äŮ 
 ȍȪȰ.@C Th1/Th17Ǵŷõ.1
Ȱɞɺ+ CD4+Tɞɺ+0ȶƚƚʥ
ų̄*C+ɳADC̗Figure 5-4 ̘Tɞɺ0ÝõǴŷõ.1
[Lj
QL0§.MHCÝĵ>ÒæȊÝĵ.@C\Vlŧ̂GCMHCÝ
ĵ>ÒæȊÝĵ1.ǗȘɞɺ-,0ƋýƝɂɞɺȮȝ)B
DA0
ɞɺ Tɞɺ+ȶƚƚʥC+* Tɞɺ.\VlG­CD9*.

Th1 > Th17 0ÝõǴŷõ.˫FCÒæȊÝĵ(ģďD)C
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(109-111)IBD Źɴ0ʀɔȰɞɺ1
MHC Ýĵ>ÒæȊÝĵGȦŘȮȝ
)B
ƋýƝɂɞɺ0@-ǘɻGƽC+ɀʯD)C(32, 108, 112, 
113) 
 "*
ȏÛȟM^̗None-IEC 
̘DSS ƊM^̗DSS-IEC 
̘@3
B. infantis+ DSSƊM^̗ DSS+Bi- IEC ̘AĮʀȰɞɺG"D#Dú
˺
MHCÝĵ>ÒæȊÝĵ0mRNAȮȝ˥GǦ˅$"0ɢǉ
DSSƊ
.@B
ĮʀȰɞɺ0 CD80, CD40, CD54, B7-DC, @3 B7-H3-,0
ÒæȊÝĵ mRNA Ȯȝ˥Ĩð)$̗Figure 5-7 ̘M^ MHC Ýĵ*
CH-2Ab1+H-2Eb10mRNAȮȝ˥1īõʠAD-'$̗ Figure 5-7 ̘
A.
B. infantis0Ɗ.@B DSSƊ.@C CD80, CD40, CD54, @3
B7-H30mRNAȮȝ˥ĨðƉäD$̗Figure 5-7 ̘DA0ÒæȊÝĵ
0&
Ƽ=ȽɊ˓H*C CD80@3 CD40(29).ȹȴ
v[Lj
j.@BdrUʽȮȝGʤǇ$"0ɢǉ
mRNAȮȝīõ+ĊǕ
.
DSSƊ.@BĮʀȰɞɺ0 CD80@3 CD40drUʽȮȝĨð
$̗Figure 5-8 ̘9$
B. infantisƊ.@BDA0ȮȝĨð1ƉäD
$ 
 ǚ.
B. infantis 0ʀɔȰɞɺ50ȶƚ³ȢGʳ6C$<.
M^ʀɔ
ȰǕ colon-26ɞɺGȢ)
B. infantis0 CD80+ CD40ȮȝƉäóǉGǑ
ʨ$ȍȪŷ[LjQL*C IFN-"ʀɔȰɞɺ0 CD80 + CD40 Ȯ
ȝGĨð!C+ģďD)C(32, 113)ÆǑʨ+)
colon-26 ɞ
ɺG IFN-"*æȊ
CD80+ CD400mRNAȮȝ˥īõGɡƶȯ.ȁĽ$
ɢǉ
CD80 + CD40 0 mRNA Ȯȝ˥1
IFN-"æȊ 6 ƶ˪ū@3 72 ƶ˪
ū."D#DĨð$̗Figure 5-9 ̘"*
IFN-"æȊ 6ƶ˪ū@3 72ƶ
˪ū0 CD80 + CD40 "D#D0 mRNA Ȯȝ˥GȁĽ$"0ɢǉ
B. 
infantis 1 IFN-"æȊ.@C CD80 + CD40 ȮȝGƽŽ.Ɖä$̗Figure 
5-10 ̘0+A
B. infantis1ʀɔȰɞɺ.ȶƚ³Ȣ
CD80+ CD40
 77 
ȮȝGƉäC+ƳA.-'$ 
 
3.5 CD80+ CD40G¥$ Th1/Th17ɞɺ0Ǵŷõ 
 ʩ0ɢǉA
B. infantis1ĮʀȰɞɺ0 CD80+ CD40ȮȝĨðGƉ
äC+.@B Th1/Th17 ɞɺ0ǴŷõGƉäC0*1-+ɳ$
CD80 1
T ɞɺ.ȮȝC CD28 +ɢĉC+.@B T ɞɺ.\VlG
­˖C(29)CD40 1
T ɞɺ.ȮȝC CD40L 0`xd*B

CD40-CD40L0ȷ ³Ȣ.@BȰɞɺ.\Vl­˖DC(29)"*

ȍȪȰ.@C Th1/Th17 ɞɺ0Ǵŷõ.
CD80-CD28 @3 CD40-CD40L
ȷ ³Ȣ˫C0ČGʤǇ$ 
 DSSʀȍM^AĮʀȰɞɺ̗ DSS-IEC G̘
ȏÛȟM^A CD4+T
ɞɺG"D#Dú˺
Òġ̍Gʕ'$"0˴.
CD80 ˭ŀƋ²Gǽð

CD80-CD28ȷ ³ȢG"D#D˭ŀ$"0ɢǉ
CD80˭ŀƋ²1ȍȪ
Ȱ.@C IFN-"+ IL-17ȡȠʰŇGƉä*-'$̗Figure 5-11 ̘CD80+
ĊǕ.
CD86= CD28+ɢĉC+A
CD86˭ŀƋ²0ŧ̂.()=
ǑʨGʕ'$"0ɢǉ
CD80 ˭ŀƋ²+ CD86 ˭ŀƋ²GĊƶ.ǽð$
Ĥĉ
ȍȪȰ.@C IFN-"+ IL-17ȡȠʰŇƉäD$̗Figure 5-11 ̘ 
 DSSƊ.@C CD86 mRNAȮȝĨð1ɀʯ*-'$
ʀɔȰɞɺ
1ĽŘȯ. CD86 GȮȝ)C+ģďD)C(114)Ŭ')
CD80
˭ŀƋ²* CD80-CD28 ȷ ³ȢG˭ŀ)=
CD86-CD28 ȷ ³Ȣ.@B
CD28\VlǴŷõD$+ɳADCCD28\Vl1 CD4+Tɞɺ0
Ǵŷõ.)ʟ-ŨîGǉ$)B(115)
Ƌ CD28 Ƌ²1 CD4+T ɞɺ
GȢ$ ex vivoľ̏.)Ǵŷõęĵ+)ÚȢD)C 
 9$
ȍȪȰ.@C IFN-"+ IL-17ȡȠʰŇ1
CD40L˭ŀƋ²0ǽð.
@BƉäD$CD40-CD40Lȷ ³Ȣ1
ǗȘɞɺ.@C Th17ɞɺ0Ýõ
ʰŇ.)ˤʟ-ŨîGǉ$)C+ģďD)B(116)
¤Ę0ɢ
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ǉA
ȍȪȰ.)=ĊǕ0ŨîGǉ$)C+ɂēD$ 
 DA0ɢǉA
ȍȪȰ.@C IFN-"+ IL-17 ȡȠʰŇ.1

CD80/CD86-CD28C1 CD40-CD40L0ȷ ³Ȣ0Ưˤʟ*C+
ƳA+-'$ 
 
3.6 CD80+ CD40G¥$ Th1/Th17ɞɺǴŷõQm_0ʤƳ 
 CD40\Vl1ǗȘɞɺ0 IL-6ȡȠGʰŇ
ȡȠD$ IL-6 Th17ɞ
ɺ0ÝõGʰŇC(116)IBD Źɴ0ʀɔȰɞɺ.)=
CD40 ȦŘ
Ȯȝ)C+ɀʯD)C(113)
ʀɔȰɞɺ.C CD40
\Vl,0@-³ȢGƑ(0
ǀ%ƳA.-')-"*

ȍȪȰ.CCD40\Vl1
ȰɞɺA0 IL-6ȡȠGʰŇ)Th17
ɞɺ0ÝõGʰŇC0*1-+ɳ
ʤǇGʭ:$ȏÛȟM^
̗None-IEC 
̘DSSƊM^̗DSS-IEC 
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!$̗Figure 5-12 ̘
Ư
ȏÛȟM^ȣǄ̗None-IEC 
̘@3 DSS+ B. infatisƊM^ȣ
Ǆ̗DSS+Bi- IEC̘0ĮʀȰɞɺ1
CD40 JZm^jƋ²0ŧ̂GĄ-
'$̗Figure 5-12 ̘DA0ɢǉA
CD40ȮȝĨð$ȍȪȰ1

CD40 \VlǴŷõDC+.@B IL-6 G̒ȡȠC+ƳA.-
'$CD40 \VlǴŷõ.@CȍȪȰA0 IL-6 ȡȠĨð Th17 Ýõ
ʰŇ.Ń)C+ɂēD$ 
 Ư
CD80+ CD40G¥$ IFN-"ȡȠʰŇ0Qm_.()1ƳA
.*-'$Th1 ɞɺ0Ýõ1
ȍȪŷ[LjQL IL-12 .@BʰŇ
DC
ʀɔȰɞɺ1 IL-12GȮȝ-+ģďD)B(117)

 79 
IL-12˿·ķȯ-Qm_˫)CćɻŷCˈ ś
IFN-"+ IL-17
0ƯGȡȠC CD4+T ɞɺ[w`gjĊĽD(118)
ĮʀȍiôȖ
0ʀɔ.)=
ǁ[w`gj0ĨðɀʯD)C(119)Ŭ')
ȍȪ
Ȱ.@C CD4+TɞɺA0 IFN-"ȡȠʰŇ1
IFN-"/IL-17 double positive 
CD4+T ɞɺ0ĨǠ.@C=0=D-D.()1ƺ-CʤǇųʟ
*C 
 
4 ʟɚ 
 DSS ʰŇŷĮʀȍiM^GȢ$ľ̏.@B
B. infantis 1ʀɔ0
Th1/Th17 ǴŷõGƉäC+.@')ĮʀȍGɪđC+ɂD$
DSS M^0ĮʀȰɞɺ1
CD80 > CD40 -,0ÒæȊÝĵG̒Ȯȝ)
B
CD4+Tɞɺ+ȷ ³Ȣ) Th1/Th17ɞɺ0ÝõGʰŇC+ƳA
.-'$B. infantis1DA0ÒæȊÝĵ0ȮȝĨðGƉä
Th1/Th17
ǴŷõGƉäC+ɂēD$0@.
B. infantis 1Ïȧɞɺ.ȶ
ƚ³ȢC0*1-
ĮʀȰɞɺ.³ȢC+* Th1/Th17 ɞɺGƉä
C+
ˡʋ0Ʈ$-Ïȧʳɕ³ȢǘŞGʠÜ+*$ 
  
 80 
Table 5-1.  Primer sequences used in this study. 
  Gene Sequence 
CD80 Forword 5'-GCCTTGCCGTTACAACTCTC-3' 
 
Reverse 5'-TTCCCAGCAATGACAGACAG-3' 
CD86 Forword 5'-GGGTGGAAGAAAGGTAAAGC-3' 
 
Reverse 5'-AAGGAAATGAGAGAGACAGGTG-3' 
CD40 Forword 5'-GGCTTCGGGTTAAGAAGGAG-3' 
 
Reverse 5'-CCAAAGCCAGGGATACAGG-3' 
CD54 Forword 5'-TTCCAGCTACCATCCCAAAG-3' 
 
Reverse 5'-CTTCAGAGGCAGGAAACAGG-3' 
B7h Forword 5'-GTTGGCAGCTACAGCAAACA-3' 
 
Reverse 5'-GGCATCAGGGAGACCACTAA-3' 
B7-H1 Forword 5'-TGTGGTTTAGGGGTTCATCG-3' 
 
Reverse 5'-CCAGGTTCCATTTTCAGTGC-3' 
B7-DC Forword 5'-GCAATGTGACCCTGGAATG-3' 
 
Reverse 5'-ACGGTGTGGGGATGTATCA-3' 
B7-H3 Forword 5'-CCTGAGGCTCTGTGGGTAAC-3' 
 
Reverse 5'-GGTCGTCTTTGCCTTCTTTG-3' 
B7-H4 Forword 5'-ACCTCAGCTGGAAACATTGG-3' 
 
Reverse 5'-GGTCGTCTTTGCCTTCTTTG-3' 
H-2Ab1 Forword 5'-TCCGTCACAGGAGTCAGAAA-3' 
 
Reverse 5'-TTCGGAGCAGAGACATTCAG-3' 
H-2Eb1 Forword 5'-CCTGGTCTGCTCTGTGAGTG-3' 
  Reverse 5'-TCCTGTTTTCTCCTCCTTGC-3' 
   
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Figure 5-1. Changes in body weight of mice with DSS-induced colitis. Results are expressed as 
means ± standard error (n = 4). *P < 0.05 and **P < 0.01 versus controls (none); #P < 0.05 
versus DSS-treated mice (DSS). !
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Figure 5-2. Changes in colon length of mice with DSS-induced colitis. Results are expressed as 
means ± standard error (n = 4). **P < 0.01 versus controls (none); ##P < 0.01 versus DSS- 
treated mice (DSS). !
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Figure 5-3. #$%$&'"()"*+,-! ("), IL-17 (B), IL-4 (C), and IL-10 (D), expressed in pg/mg protein, 
in the supernatants of colon tissue. Results are expressed as means ± standard error (n = 4). **P 
< 0.01 and  *P < 0.05 versus controls (None); #P < 0.05 versus DSS- treated mice (DSS). !
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Figure 5-4. Ex vivo coculture of colonic epithelial cells and splenocytes. Experimental design of 
coculture (A).  Secretion of IFN-! (B) and IL-17 (C) were measured 5 days after coculture. 
Results  are  expressed  as  means  ±  standard  error  (n  =  4).  **P  <  0.01  versus  controls 
(splenocytes alone).!
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Figure 5-5. Secretion of IFN-! (A),  IL-17 (B), IL-4 (C), and IL-10 (D) from coculture of 
intestinal epithelial cells (IEC) and T cells (T). Results are expressed as means ± standard error 
(n = 4). **P < 0.01 versus T cells alone (T).  !
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Figure 5-6. Secretion of IFN-! (A, B) and IL-17 (C, D) from coculture of intestinal epithelial 
cells and CD4+T cells (A, C) or CD8+T cells (B, D). Intestinal epithelial cells were isolated 
from control mice (None-IEC), DSS-treated mice (DSS-IEC), or DSS- and B. infantis-treated 
mice  (DSS+B.i  -IEC).  CD4+T cells  and CD8+T cells  were  isolated  from control  mice  and 
cocultured with IEC for 5 days. Results are expressed as means ± standard error (n = 4). **P < 
0.01 versus T cells alone (T). ##P < 0.01 versus coculture of IEC from DSS-treated mice  and T 
cells (DSS-IEC / T). !
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Figure  5-7.  Relative  mRNA expression  of  costimulatory  molecules  (CD80,  CD86,  CD40, 
CD54, B7h, B7-H1, B7-DC, B7-H3, and B7-H4) and MHC molecules (H-2Ab1 and H-2Eb1) 
in intestinal epithelial cells isolated from control mice (None-IEC), DSS-treated mice (DSS-
IEC), or DSS- and B. infantis-treated mice (DSS+B.i -IEC). Results are expressed as means ± 
standard error (n = 4). **P < 0.01 versus control mice (None-IEC). ##P < 0.01 versus DSS-
treated mice (DSS-IEC).!
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Figure 5-8. Expression of CD80 (A) and CD40 (B) in intestinal epithelial cells isolated from 
control mice (None-IEC), DSS-treated mice (DSS-IEC), or DSS- and B. infantis-treated mice 
(DSS+B.i-IEC). Freshly isolated IEC were analysed by flow cytometry using antibodies 
specific for the epithelial cell specific marker pan-cytokeratin and costimulatory molecules 
CD80 and CD40. The quadrants were drawn based on isotype. Percent values in the figures 
indicate the proportion of cells that were CD80+ or CD40+/pan-cytokeratin double-positive 
(green plots) . Results are representative of those obtained from 6 independent experiments.
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Figure 5-9. Relative mRNA expression of CD80 (A) and CD40 (B) in colon-26 cells after IFN-
! stimulation. Results are expressed as means ± standard error (n = 4). *P < 0.05 and **P < 
0.01 versus untreated cells (0h).!
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Figure 5-10.  Suppressive effects of B. infantis on mRNA expression of CD80 (A) and CD40 
(B) in IFN-!-stimulated colon-26 cells. Results are expressed as means ± standard error (n = 4). 
**P < 0.01 versus control (None). #P < 0.05 and ##P < 0.01 versus IFN-!. !
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Figure 5-11. Effects of blocking antibodies for CD80, CD86, and CD40L on secret ion of IFN-! 
(A) and IL-17 (B) from coculture of intestinal epithelial cells from DSS-treated mice (DSS-
IEC) and CD4+T cells. Results are expressed as means ± standard error (n = 4). **P < 0.01 
versus CD4+T cells alone. ##P < 0.01 versus coculture of intestinal epithelial cells from DSS-
treated mice (DSS-IEC) and CD4+T cells without blocking antibodies.!
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Figure  5-12.  Secretion  IL-6  from  intestinal  epithelial  cells  stimulated  with  CD40  agonist 
antibody (CD40 agonist Ab). Intestinal epithelial cells were isolated from control mice (None-
IEC),  DSS-treated  mice  (DSS-IEC),  or  DSS-  and  B.  infantis-treated  mice  (DSS+B.i-IEC).  
Results are expressed as means ± standard error (n = 4). **P < 0.01 versus control mice (None-
IEC). ##P < 0.01 versus DSS-treated mice (DSS-IEC).!
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0
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$̗ Figure 4-4 ̘9$
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ğ1 4.25%
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$̗Figure 4-5 ̘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$̗ Figure 4-5 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$+E
hLYˡ D-Ala ˥
Ĩð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D$̗ Figure 4-6 ̘ 
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5.1 DSSʰŇŷʀȍiM^.C Th1/Th17ɞɺǴŷõQm_ 
 DSS ƢăM^0ĮʀȰɞɺ1
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IFN-"/IL-17 ȡȠGʰŇ$̗Figure 5-4 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A.
0ȍȪȰɞɺ1ɾɞ
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CD40ȮȝĨðGƉä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Figure 6-1.  Mechanisms by which lactic acid bacteria (LAB) protect intestinal barrier function. 
LAB increase  Tight  junction integrity  by regulating expression of  ZO-1 and MLCK. LAB 
decrease IL-8 secretion from intestinal epithelial  cells.  These protective effects of LAB are 
mediated by D-alanylated LTA. TLR2 signaling is essential in mediating the protective effects 
of LAB.!
TLR2
L. rhamnosus, E. hirae, S. thermophilus
D-alanylated LTA
decreased IL-8 secretion 
increased Tight junction integrity 
 increased ZO-1 expression 
 normalized MLCK expression 
intestinal epithelial cells
Tight junction
101
IL-6
CD4+ T cell
Th1 cell Th17 cell
IL-17IFN-!
 
Figure 6-2.  Mechanisms by which lactic acid bacteria (LAB) downregulate Th1/Th17 cells. 
Inflamed intestinal  epithelial  cells  express  increased levels  of  CD80 and CD40.  CD80 and 
CD40  interact  with  CD28  and  CD40L expressed  in  CD4+  T cells,  respectively,  and  these 
interactions  are  essential  for  inflamed  intestinal  epithelial  cells-induced  Th1/Th17 
differentiation. LAB suppress the expression of CD80 and CD40 in intestinal epithelial cells, 
resulting in downregulation of Th1/Th17 cells.!
inflamed epithelial cells
B. infantis
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